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Two-Stage Chlorination—Pierce 
Vacuum Filter Theory—Halff 
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_Make Plans to Attend— 


SILVER ANNIVERSARY MEETING 


OF THE 


FEDERATION OF 


SEWAGE AND INDUSTRIAL WASTES 


ASSOCIATIONS 


IN CONJUNCTION WITH 


New YORK SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 


HOTEL STATLER 
New Crry 


October 6-9, 1952 


FEDERATION OF SEWAGE AND INDUSTRIAL 


WASTES ASSOCIATIONS 
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Treating More Th 


Billi 


Gallons Per Day... 4 | 


Replacement of plates Leading consulting and design engineers and plant operators agree that 
COLUMBUS, with Chicago Swing Chicago Swing Diffuser Systems offer important exclusive advantages 
‘ OHIO Diffusers made possi- for new plants. And, in addition, they provide a logical solution w 
2 ble the efficient aera- existing aeration systems are inadequate. Here are a few reasons why .. . 
BEE callons per day (48,000,000 to 65,000,000). This ACCESSIBILITY .. . Individual swing units are easily raised for inspec 
: and diffuser cleaning. 
was accomplished without adding to existing 
es = tanks or blowers. CONTINUOUS PERFORMANCE .. . Only with Chicago Swing Diffusers 
— uninterrupted operation be assured without costly stand-by aerat 
tanks. 
PHOENIX ECONOMICAL OPERATION . . . Lowest cost simplified cleaning restores new 
E place of existing aera- tube performance, permitting maintenance of lower blower pressures. 
> Se ARIZONA tion system practically EFFICIENT AERATION... Wide-band air diffusion provides greater contact 
Joubled aeration ca- 


volume of diffused air with tank liquor and the longest contact period. 


: a ¢ pacity without additional tanks. (10,000,000 to No unaerated center core. 


19.210,000). 


Over the past six years the engineers for 
£ these major plants have specified Chicago 
Swing Diffusers... 


ing hi ond 
NEW YORK CITY test data on Chicago Diffuser Sys- 
Hunts Point Plant 


tems are available for your review. 


Comoplet h 
Pp 


Rockaway Plant 
— Owl's Head Plant 
LOS ANGELES, CALIFORNIA 
Hyperion Plant 
©BOSTON, MASS. 


CHICAGO PUMP COMPANY 


Southwest Plant SEWAGE EQUIPMENT DIVISION 

Northeast Plant 
mm) «6SAN ANTONIO, TEXAS 622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 
Kleen, Scru-Peller, Plunger Swing Diffusers, Stationary Diffusers, 
Complete list of installati and ¢ lting Honzontal and Vertical Non-Clogs Mechanical Aerators, Combination 
engineers available upon request. Water Seal Pumping Units, Samplers Aerator Clarifiers, Comminutors. 
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SEWAGE AND INDUSTRIAL WASTES 


Keep track of 


OPEN FLOW! 


~ 


There are three ways to handle open flow: 


Leave it unmetered. 


cise formwork. 


Kennison Nozzle 


2] Build a comparatively expensive concrete 
flume with accuracy dependent upon pre- 


Install a Builders Kennison Nozzle... 
the sure way to get accurate open 
flow metering under the widest 


range of flow conditions. 


Here ore a few of the reasons why so many sewage, waste 
treatment, and industrial plants are finding Builders Kennison 
Nozzle the ideal way to meter open flow! This scientifically 
designed nozzle comes ready for installation. Accuracy, built-in 
ot the factory, is not dependent upon precise forms, structures, 
spillways, chonnels, weirs, or flumes. The special shape of this 
nozzle results in a very efficient rating curve, insuring accurate 
metering ot both high and low flow rates. In handling solids- 
bearing liquids, the Kennison Nozzle hos o self-scouring action 
which helps keep maintenance to o minimum. 


Builders offers several instruments for metering flow through 
Kennison Nozzles. The seteban is accurate, readable, trust worthy 

. available for g, indicating, or recording flow. With 
its weotherproof case, Flo-Watch moy be installed right ot the 
nozzle . . . o dependable, low-cost metering setup. When central- 
ized flow information is required, Builders Chronoflo Telemeters 
and Pneumatic Systems ore available. For complete information 
and descriptive Bulletins 135-F2, D11-300.20, 285-G2, and 230- 
H4, address Builders-Providence Inc. (Division of Builders Iron 
Foundry), 368 Harris Ave., Providence 1, R. 1. 


Flo-Watch in 
weather proof case 


flow 
‘Plorine gas 


307a 


“Uf 

: | ‘ 
BUILDERS -PROVEDEN CES wires, 
Instruments for recording, indicating: a 
 tevel, pressure, and weight. Chiorinize 
\ 


3O8a SEWAGE AND INDUSTRIAL WASTES 


FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Lex O. TayLor, Secretary 
Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Assn.* 
M Ser .-T re 


Sewage Treatment Plant 
Phoenix, Ariz 


Arkansas Water and Sewage Conf.* 
Harrison Hare, Sec.-Treas 
» Southern State College 
Magnolia, Ark 


California Sewage and Industrial Wastes Assn. 
Sam A. Weep, Sec.-Treas 
Room 315, City Hall 
Oakland 18, Calit 


Canadian Institute on Sewage and Sanitation 
Dr, ! Berry, Sec.-Treas 
Ontario Dept. of Health 

vent Bldgs 


Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas 
c/o Illinois Sanitary Water Board 
Springfield, Il 
Dakota Water and Sewage Works Conf. 


North Dakota Section*® 
Jerome H. Svore, Sec.-Treas 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section® 
Cuartes Carr, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health 
Pierre, S. Dak 


Federal Sewage Research Assn. 
Davis, Sec.-Treas 
Rm. 4218 
Fed. Security Bldg., So 
Washington 25, D. € 


Florida Sewage and Industrial Wastes Asan. 
Donatp P. Scuisswout, Sec.-Treas. 
Bureau of San. Eng 
P. O. Box 210 
Jacksonville 1, Fla 


Georgia Water and Sewage Assn.* 
A Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga 


German Technologists Association 
VitHELM BuckstTeec, Sec.-Treas. 
Schlie ad h 1112 
Ruht verband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
ERNEST Batsom, Secretary 


London, E md 


Iowa Sewage Works Assn. 
Leo Ho LTKAMP, Sec.-Treas 


Webster City, Iowa 


Kansas Sewage Works Assn. 
Dwicut F. Metrzrer, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas 
Lawrence, Kans 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paun Farretr, Sec.-Treas. 
420 Sixth Ave., N. 
Nashville 3, Tenn 


Louisiana Conference on Water Supply and 
Sewerage * 
Greorce L. West, Sec.-Treas 
Water Dept 
Lake Charles, La 


* Sewage Works Section 


Maryland-Delaware Water and Sewernge 


ssn. 
_Binotey, Sec.-Treas 
2411 N. Charles St. 


Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Pierce, Sec.-Treas. 
Michigan Dept of Health 
Room 334, Administration Bldg. 
Lansing 4, Michigan. 
Missouri Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas. 
c/o State Office Bidg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health, Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouse, Secretary 
602 West B Street 
McCook, Nebr. 
New England Sewage and Industrial Wastes 
Assn. 
Water E. Merritt, Sec.-Treas. 
c/o State Dept. of Health 
511-A State House 
Boston, Mass. 
New Jersey Sewage and Industrial Wastes 
Assn. 
Micuaet S. Kacuorsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
Ratpu C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway 
White Plains, N. Y. 
North Carolina Sewage and Industrial Waste 
Assn. 
E. C. Hupparp, Sec.-Treas. 
North ne State Board of Health 
Raleign, N. 
Ohio Sewage ca Industrial Wastes Treat- 
ment Conf. 
. E. Ricuarps, Acting Sec.-Treas. 
301 Ohio Depts. Bldg. 
Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health 
Oklahoma City 5, Okla. 
Pacific Northwest Sewage and _ Industrial 
Wastes Assn. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
University of Washington 
Seattle 5, Wash 


Pennsylvania Sewage and Industrial Wastes 


ssn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
opert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Mountain Sewage Works Assn. 
E. Harness, Sec.-Treas. 
272 City and County Bldg 
Denver, Colorado 


South Carolina Water and Sewage Works 
* 


W. T. Linton, Sec.-Treas. 
Wade Hampton Bidg. 


Columbia, S. C. 
Swiss Assn. of Water and Sewage Profes- 
sionals 
Water Darpet, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Assn.* 
V. M. Enters, Sec.-Treas. 
501 W. 33rd St. 
Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assn. 
J. L. Hamrick, Jr., Sec.-Treas 
415 W. Franklin St. 
Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
Assn. 
O. Fortney, Acting Sec.-Treas 
State Dept. of Health 
Charleston, W. Va 
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SEWAGE AND INDUSTRIAL WASTES 


DO YOU NEED 
A VENTURI METER 


Simplex Type H 
Venturi Meter 


When used with the proper kind of Venturi Tube, 
the Type H Meter measures sewage, sludge, and 
trade wastes as accurately as clear liquids. 

This type of meter is designed to operate under 
two maximum differential pressure heads. The 
first, 114.4” of water, permits measurement over 
a 13 to 1 range while the second, 64.5” of water, 
provides for a 10 to 1 measuring range. Standard 
meter design includes indicating, recording and 
totalizing mechanisms. 

Versatility of installation and adaptability to 
varying flow rates make the Type H Venturi 
Meter ideal for accurate, long-range measurement. 


Write for Bulletin No. 401 to Simplex Valve & Meter 
Company, Dept. 8,6719 Upland Street, Phila. 42, Pa. 


METER 


COMPANY 


| 
| | 
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MEMBER ASSOCIATION MEETINGS 


Association 
Pennsylvania Sewage and Ind. 
Wastes Association 
Kansas Sewage Works Assn. 
Iowa Sewage Works Association 


Rocky Mt. Sewage Works Assn. 


Kentucky-Tennessee Industrial 
Wastes and Sewage Works Assn. 


South Dakota Water and Sewage 
Works Conference 


German Sewage Technologists Assn. 


Mo. Water and Sewerage Conference 


Georgia Water and Sewage Association 


North Dakota Water and Sewage 
Works Conference 

West Virginia Sewage and 
Industrial Wastes Assn. 


Place 

Pennsylvania State 

College, 
State College, Pa. 
University of Kansas, 
Lawrence, Kans. 
Grinnell College, 
Grinnell, Iowa 
Frontier Hotel, 
Cheyenne, Wyo. 
Andrew Johnson 

Hotel, 
Knoxville, Tenn. 
St. Charles Hotel, 
Pierre, So. Dakota 


Weisbaden, Germany 
Governor Hotel, 
Jefferson City, Mo. 


Georgia Inst. of 
Technology, 
Atlanta, Ga. 
Gladstone Hotel, 
Jamestown, N. D. 


Chancellor Hotel, 
Parkersburg, W. Va. 


Time 
Aug. 27-29, 1952 
Sept. 3, 1952 
Sept. 9-11, 1952 
Sept. 15, 1952 


Sept. 15-17, 1952 


Sept. 17-19, 1952 


Sept. 17-20, 1952 
Sept. 21-23, 1952 


Sept. 24-26, 1952 


Oct. 2-3, 1952 


Oct. 3-4, 1952 


SILVER ANNIVERSARY MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
New York Sewage and Industrial Wastes Association 
Hotel Statler, New York City 

October 6-9, 1952 


Pacific Northwest Sewage and 
Industrial Wastes Assn. 


The Canadian Institute on 
Sewage and Sanitation 


New England Sewage and 
Industrial Wastes Assn. 


North Carolina Sewage and 
Industrial Wastes Assn. 


Florida Sewage and Industrial 
Wastes Association 


Multnomah Hotel, 
Portland, Ore. 


Seigniory Club, 
Montebello, Que. 


Taunton, Inn 
Taunton, Mass. 


Skyland Hotel, 
Hendersonville, N. C. 


San Carlos Hotel, 
Pensacola, Fla. 


Oct. 23-24, 1952 


Nov. 3-5, 1952 


Nov. 5, 1952 


Nov. 10-12, 1952 


Nov. 16-19, 1952 
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theres a YEOMANS Plant 
2 EVERY WASTE TREATMENT 


~“'SPIRAFLO CLARIFIER 
PRIMARY TANK 


HIS LOW RATE, HIGH CAPACITY TRICKLING FILTER PLANT IS ESTABLISHING AMAZING RECORDS 
FOR HIGH PURIFICATION AT EXCEPTIONALLY LOW COST 


These figures show a typical result produced by 


a Yeomans installation of the “Aero-Filter” and 
‘*Spirafio’”’ Clarifier in combination. 


OPERATIONAL DATA.. 


. SPIRAFLO-—-AERO-FILTER PLANT * 


NEED / 


DIGESTER 


af 


et 
AERO FILTER 


Overall plant efficiency is always higher when 
these units are used together. The method is espe- 
cially effective for treating strong industrial wastes. 


| Raw Sewage Primary Effluent Final E‘ftuent 
PPM | PPM Ppa | PPM | Redue| |Redue PPM | Pee’ | 
| 0200 || 210 | 255 || 7 | | 196 | || | oxo | | || one | 
6-18 | o.24s7 |) 308 | 222 || 76 | 754 | 108 | S14 || 34 | 553 | 16 | || | O28 
6-19 | 0.1753 || 222 | 218 || 64 | 712 | 132 | 305 |] a7 | — | — || | — 
6-20 | 02606 |) 262 | 320 || | 654 | | 41 || 20 | 773 | 30 | 708 || 924 | 
6-21 | || 240 | 67.5 | 138 | 358 || 19 | 757 | 20 | 857 || 920 | 907. 
Average | 0.2456 || 207 | 247 l| 85 | 705 | 132 | 458 ll 26 | 71.0 | 90 | || ors | 


* Name of plant furnished on request, as well as operating data from other installations. 
“Spiraflo” Advantages 


@ Increased B.O.D. and settleable solids removal @ Thorough uniform distribution—therefore costly 
—infiuent is introduced tangentially into annular recirculation for dilution is unnecessary 
race around the periphery. Sewage spirals 
downward slowly and enters main clarification @ Operating cost is lowest of any type of complete 
compartment at the bottom of the tank. Uni- Sewage treatment 
form, slow diffusion of waste under the skirt @ Uninterrupted and almost complete momentary 
results in greatly reduced velocities and pro- bed coverage minimizes troubles from odors, 
vides maximum removal of settleable solids. freezing, ponding, filter flies 
Greater removal of finely divided particles—due 
to upward flow through sludge blanket. This 
increases flocculation and results in more effec- 
tive removal of finely divided particles before FOR INDUSTRIAL WASTES, TOO... Many 
waste enters the effluent weirs. types of industrial wastes can be successfully 
@ Straight-wall design minimizes construction treated by direct application to the Aero-Filter 


costs. 


Bulletins containing full details and helpful engineering 
data will be sent promptly upon request 


YEOMANS. 


A COMPLETE LINE CE SEWAGE AND WASTE TREATMENT EQUIPMENT 


“Aero-Filter” Advantages 


without preliminary sedimentation. 


YEOMANS BROTHERS COMPANY 
| 1411 North Dayton Street, Chicago 22, Ill. 
Please send these cg 
“Aero-Filter” —No. 65 
“Spirafio” Clarifier Ne. 6790 


Name... 


Address 
City State 
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SEWAGE AND INDI 


Here is the modern method of sludge dis- 
posal — the C-E Raymond System of 
Flash Drying and Incineration. Continu- 
ously, automatically, this system inciner- 
ates thickened sludge to a fine ash, free 
from clinker and unburned materials... 
or flash dries it to fertilizer, containing all 
of the original fertilizer constituents. 
C-E systems now in service are meeting 
the requirements of both large and small 
communities — serving equivalent popula- 
tions from 6,000 to 3,600,000. The list 
below shows the most recent installations. 


C-E Raymond Systems installed, under 
construction or on order since 1945 


installation 


Baltimore, Md. 
Bethlehem, Pa 
Bloomsburg, Pa. 
Camden, N. J 
Chicago, tll. 

(W. Southwest) 
Fond du Lac, Wis. 
Houston, Texas 
Lansing, Mich. 
Los Angeles, Cal. 
San Diego, Cal. 
San Francisco, Cal 
Schenectady, N. 
Sheboygan, Wis 


Consulting Engineer 


Morris Knowles 
Havens & Emerson 


City Engineering Dept 
Jerry Donohue Engrg. Co 
Greeley and Hansen 
Drury, McNamee and Porter 
Metcalf and Eddy 

Frank Currie 

Clyde C. Kennedy 
Havens and Emerson 
Jerry Donohue Engrg. Co 
Washington, D.C Greeley and Hansen 
Waterbury, Conn Malcolm Pirnie 
Wyomissing Valley, Pa. Albright & Friel 

York, Pa. Albright & Friel 


Whitman, Requardt & Associates 


Gannet, Fleming, Corddry & Capper 


TSTRIAL WASTES 


The 

Ideal Solution 
to Sludge 
Disposal 
Problems 


C-E Raymond Systems are flexible in 
layout, highly efficient and fully reliable; 
they provide for maximum utilization of 
waste heat. They mean for any com- 
munity the end of stream or atmospheric 
pollution resulting from the disposal of 
sewage wastes. 

The services of C-E specialists are avail- 
able to help you plan for the most prac- 
tical and economical answer to your sludge 
disposal problems. For prompt attention, 
get in touch with one of the Combustion 
offices listed below. 


Industrial sludges a problem? 


C-E Raymond Flash Drying and Incin- 
eration Systems have been the answer 
for others. Write for information. 


COMBUSTION 
ENGINEERING= 
SUPERHEATER, INC. 


FLASH DRYER DIVISION 


1315 North Branch Street 
Chicago 22, Illinois 
Western Office: 560 W. Sixth, Los Angeles 14, Calif. 
Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 
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Rochester Engineer 
William Lozier 


SEWAGE AND INDUSTRIAL WASTES 


specifies 
sparkling 


INERTOL PAINTS 


at East Aurora, N. Y. 


Ramuc Utility—a chlorinated 
rubber-based enamel —adds a 
sparkling tile-like finish to 
walls, ceilings and floors. This 
hard color-fast enamel is un- 
affected by strongest cleansers. 


Durable Inertol coatings meet exact 


Machinery, piping, sashwork, 
railings and other nonsub- 
merged metal surfaces retain 
a bright lasting finish with 
Glamortex—an alkyd resin 
enamel. Glamortex main- 
tains its high gloss, is mar- 
resistant. 


specifications for new Sewage Disposal Plant 


Mr. John Gray, of William Lozier & Co., 
Consulting Engineers, found, as you will 
too, that Inertol Paints far exceed speci- 
fications for water-, weather- and fume- 
resistance. And the reason for the long-lasting 
economical performance of the Inertol line 
is this: each product has been developed 
especially for Sewage Plant application. 
Throughout the nation, in thousands of 


INERTOL 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


installations, Inertol coatings have proved 
their superiority and long-range economy. 
Should you require specialized paints to meet 
your needs precisely and with full satisfac- 
tion, ask to have an Inertol Field Represen- 
tative call. Or write today for our “Painting 
Guide.” A handy pamphlet for Specification 
Writers, Design Engineers, Plant Superin- 
tendents and Contractors. It’s free! 


INC. 


27 South Park, Department 2 
San Franci 7, California 
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Sida SEWAGE AND INDUSTRIAL WASTES 


it’s the new RING-TITE JOINT 
used with Transite Sewer Pipe 


No NEED TO LET ordinary time-consuming methods 
of making joints slow down your sewer line jobs—not 
when you install Transite Sewer Pipe with its new 
Ring-Tite Coupling. 

Just a simple assembly operation with a mechanical 
coupling puller and this new “packaged” joint is ready 
for business! No jointing compounds to bother with... 
no heating equipment... no special skill is required. 
And you can check each joint for proper assembly as 
soon as it is made—before backfilling. 

Moreover, this easily assembled Ring-Tite Coupling 
makes a tight joint that stays tight in service. This, plus 
the fact that Transite’s long 13-foot lengths mean fewer 
joints in the line, cuts infiltration to a minimum. 


Another advantage of this asbestos-cement pipe is its 
high flow capacity (Manning’s n=.010.). This often 
permits flatter grades and shallower trenches—an im- 
portant economy where pipe is laid at or below ground 
water line or where rock excavation is required. 


May we send you more complete data? Address 


‘Sohns-Manville, Box 60, New York 16, New York. Ask 
for folder TR-103A. 


HERE’S HOW IT WORKS: 


4 Start of assem- 
bly. Two rubber 
rings and Transite 
sleeve (cut away 
to show position of 
rings) are placed 
on one of the two 
pipe ends. 


Final position. » 
Sleeve centered 
over pipe ends, 
with the rubber 
rings tightly com- 
pressed between 
sleeve and pipe. 


4@ Checking joint 
for proper assem- 
bly. This is done 
with a simple 
gauge immediately 
after the joint is 


made .. . before 
backfilling. 
Transite is a registered Johns-Manville trade mark 


YY Johns-Manville TRANSITE SEWER PIPE 
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WAY AHEAD 
in water treatment 


Here’s a complete water works in a small package—the jaas— 
for Field Crew Drinking Supply, Engine Cooling, Boiler Feed, 
Small Domestic Supplies, Chemical and Manufacturing Process. 


The source of water doesn’t matter. yBas versatility has been 
demonstrated in hundreds of installations treating 5 to 100 gallons 
per minute... equally effective for softening, clarifying and 
sterilizing or removing organic matter, tastes and odors... 
providing a water supply to meet the most exacting standards. 


A yeas gives you control of water quality with little supervision. 

It conserves space, reduces installation costs. A ypas can be readily 
moved if necessary. Write today for complete description— 
Bulletin 1845. 


IMFILCO INC. Tucson, Arizona Plants in Chicago & Joliet, Illinois 


FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 
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does “‘pioneering” stop 


Weill ... we can tell you that with us it never stops. 
Even after dewsioring low-cost onuage ozone, Welsbech 
continves to “pioneer” in ozone research ... extending Welsbech 
know-how fo help poteriial users find the effective application 
of oxone to their particuler problems. 
serciel applications of Weisbach Oxone are 
ve ev that it is fast becoming the preferred oxidant. In 
chemical processing, in industrial waste treatment, in water purifi- 
cation —in fact, wherever on oxidant is required —Welsbach Ozone 
should be consider And Welsbach engineering know-how 
is et your service... when and if. you want it. 
if oxidetion is a step in your p-ocess, investigate Weisbach Ozone. it 
is & truly low-cost, efficient oxidant... with these plus features: 
No storege problem; no procurement 

problem; nc materials handling. 
ots supervision or labor required. 
onarated et point of use with equipment 

raquiring firtle specu. 

Sod constent, predictable operating cost. 


INCREASE YOUR PROFIT 
by lowering costs with WELSBACH 


economical, dependable 
Write for information to 1% 


THE WELSBACH CORPORATION 


2409 West Westmoreland St., Phila. 29, Pa. 


Pioneers in Continuing Ozone Research 
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“VAREC” figures in Zoe SEWAGE 
TREATMENT PLANT DESIGN 


s 
FIG. EXPLOSION RELIEF VALVE 


“vAREC™ 
AREC™ FIG. 187 for | 
REDUCING “(ALTERNATE on) 4 
FIG. 450 \\ 
Flame TRAP \ 
MBLY, 
ASSEMBLY, 
LAME TR wast 


TE 
TO was 
GAS BURNER 


PILOT SUPPLY TO 
= 
Ponts 


— wore - “INSTALL TRAPS aT ait LOW 
Ag GAS PIPING SCHEMATIC 


aT LOW POINT! 


FIGS 245 08 
TRAPS 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipmerit incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


GAS EQUIPMENT 
SPECIFICATIONS 


@. PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 
FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 

FLAME CHECK 
“VAREC” Fig. No. 52A 
. EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 
WASTE GAS BURNER 
“VAREC” Fig. No. 236 
. DRIP TRAPS 
“VAREC” Fig. No. 245 
(automatic ) 
“VAREC” Fig. No. 248 
(hand operated) 
MANOMETERS 
“VAREC” Fig. No. 216A 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA, U. S. A. 
Cotte Ads Address: VAREC COMPTON USA on Codes) 
New York * Boston * Pittsburgh « * Detroit « 
Wyo. * Prove, Utah Los Angeles * Sen * Seattle 


A ble from authori: 
agents throughout United Stetes and Cenede 


PROVEDe~s 
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Milan A. Johnston, Mi polis, structural 


engineer. Banister Engineering Co., 
St. Paul, consulting engineers. 


For a Lifetime of Low-Annual-Cost Service ... 


rchitectural Concrete 


Architectural concrete is ideal for modern sewage 
plants—and all other municipal structures. It can be used 
to create functional yet distinctive buildings like 

the Sewage Treatment plant in Kenyon, Minn. above. 

Such structures stand out as symbols of sanitation 

and good management and are a source of community pride. 


Architectural concrete meets structural requirements 
for strength, durability and firesafety. And it can be 
molded economically into ornamentation of any style or period. 


Architectural concrete is economical too. It is 
moderate in first cost, costs less to maintain and renders 
long years of service. These add up to low annual cost. 


PORTLAND CEMENT ASSOCIATION 


1 to improve and extend the uses of portland cement 
scientific research ond engineering field work 
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Dougherty Refinery, Chemical Oil Precipitation Plant. 


Inset: Raw, First Stage and Final Effivent. 


Oil Emulsion © 


Breaking...and 
Coolant Reclamation 


Continuous Flow Package Plants 


Breaking of water and oil emulsions is usually accomplished by cracking 
and conditioning, followed by alkaline precipitation. Efficient, continuous 
flow package CLARIFLOW plants are available in both single-stage and 
the more reliable two-stage designs. 


Mechanical sludge collection, oil skimming equipment and automatic sludge 
blow-off are features of the efficient, economical CLARIFLOW package unit. 


Batch Type Package Plants 


For smaller operations or for demulsification of concentrated coolants, 
batch type package plants are available. They can be operated as single 
or multi-stage plants to best solve the problem involved. 


write for complete information 


WALKER PROCESS EQUIPMENT INC. 
FACTORY + ENGINEERING OFFICES « LABORATORIES 


319a 
of, 
+ 
| 
2 
: 
| 
= 
| 
AURORA, ILLINOIS 
p p 


SEWAGE AND INDUSTRIAL WASTES 


For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 
5. Totalize Multiple Flows 
6. Chemical Feed Control 
7. Flow and Ratio Controls 


Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD . CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES * DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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Select from this list of five types 
and you will get the best type for your — 
particular problem whether trash, 
garbage, sewage sludge, 
organic matter .. . in 


combination. 


®@ For Garbage and Rubbish 

(1) Cell and Hearth . 

(2) Circular Hearth and Gie 
Mechanically Stoked 


@ For Sewage Sludge Drying and/é or 
Burning 
(3) Multiple Zone 
ically Stoked ¢ 


© For Garbage, Rubbish and Sewage 
Sludge 
(4) Circular Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 


® For Garbage and Trash (Individual 
Buildings) 
(5) Kernerators (Flue-Fed and 
Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 
under the supervision of our own field 
men who stay with it until the unit is 
in operation, fully broken in and crews 
instructed. 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representatives in Principal Cities 
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STILL IN SERVICE 


We are stating a fact and you don’t have to take our word 
for it. Werefer you to one of the most important fact- 
finding jobs ever undertaken by the water works industry 
— the recently completed survey of the service life of 
water works facilities. This survey was sponsored by three 


water works associations. 


The survey shows that 96% of all the cast iron water 
mains ever laid by 25 representative cities in sizes 6-inch 


and larger are still in service. 


A detailed report of the survey has recently been pub- 
lished by the American Water Works Association. We 
have reprinted, by permission, the facts pertaining to cast 
iron water mains in a brochure which will be sent on 
request. Write to Cast Iron Pipe Research Association, 
Thomas F. Wolfe, Managing Director, 122 South Michigan 
Ave., Chicago 3, Ill. 


(CAST IRON PIPE 2208: 
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of trickling filters 
at Baltimore’s 


Largest trickling filter installation in 
the world, Baltimore’s Back River 
Plant contains fifty 157’ 6’ diameter 
Dorrco Distributors serving an area 
of 30 acres! This section of the plant 
provides low-rate filter treatment for 
239 of the total 259 MGD capacity. 
The remaining 20 MGD are treated 
by the activated sludge process. 
Baltimore is a good example of how 
Dorr equipment fits almost every 
step in every sewage treatment flow- 


Back River Plant... 


sheet. In addition to the fifty Distrib- 
utors, the Back River Plant has in- 
stalled three Dorr Detritors, two 
square and four round Dorr Clarifiers, 
two Activated Sludge Thickeners, 
one Elutriation Thickener and five 
100’ dia. Dorr Digesters. 

If you don’t already have Bulletin 
No. 6041, Dorr Equipment and 
Methods for Modern Sewage Treat- 
ment, write for a copy today. The 
Dorr Company, Stamford, Conn. 


“Bitter tools TODAY to mect tomorrows demand 


THE DORR COMPANY 


Offices, Associated Companies or Representatives in principal cities of the world. 


ENGINEERS STAMFORD, CONN. 
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Sewage Works 


TWO-STAGE CHLORINATION—AN EFFECTIVE AND 
PRACTICAL METHOD OF SEWAGE DISINFECTION 


By Donatp M. Pierce 


Sanitary Engineer, Michigan Dept. of Health, Lansing, Mich. 


I. Preliminary Investigation 


Two-stage chlorination has been dem- 
onstrated to be a practical, depend- 
able method of disinfection to consist- 
ently produce an effluent of low coli- 
form density at two primary treatment 
plants in Michigan. Sufficiently ex- 
tensive observations were made at the 
Traverse City plant during two sum- 
mer seasons to indicate its marked su- 
periority over single-stage chlorina- 
tion, either preceding or following 
sedimentation. By simultaneous dos- 
age of chlorine at these two points, it 
was demonstrated that a coliform den- 
sity of not exceeding 500 M.P.N. per 
100 ml. could be obtained about 98 per 
cent of the time with ordinary effort. 
Similarly, it was rather well-estab- 
lished that the effluent would meet a 
standard of 100 more than 90 per cent 
of the time and of 36 more than 80 per 
cent of the time with a contact period 
of about 15 min. for the post-chlo- 
rination phase. The ease of consistent 
maintenance of a chlorine residual 
within reasonable limits at all times 
with no special or unusual equipment 
was evidenced by the finding that a 
residual of some magnitude, but less 
than 2.0 p.p.m., was maintained 100 
per cent of the time at this plant while 
two-stage chlorination was employed. 
The results obtained at the Imhoff tank 
plant at Holland, Mich., generally con- 
firmed the Traverse City observations. 

Beeause the plant facilities and proc- 
esses, both as to type and size of in- 
stallation and the sewage treated, are 


rather typical of a great many others 
throughout the country, it is believed 
that the methods employed at these 
plants may be equally adaptable at 
many plants and may produce equally 
favorable results. 

The studies discussed in this report 
include a brief exploratory survey con- 
ducted by the technical staffs of the 
Michigan State Department of Health 
and Stream Control Commission at 
primary treatment plants at Traverse 
City, Charlevoix, and Petoskey, Mich., 
in the summer of 1948 to find out how 
effective were current methods of disin- 
fection customarily employed at these 
plants. 

In the following summer the studies 
were continued by the two staffs at 
Traverse City to determine the prae- 
ticability of two-stage disinfection for 
dependable, consistent production of 
effluents of very low coliform density. 
The method consisted of adding chlo- 
rine to the raw sewage ahead of a grit 
chamber at a rate sufficient to produce 
a residual of some magnitude, if pos- 
sible, but less than 0.5 p.p.m., and the 
simultaneous addition of chlorine to 
the settling tank effluent so as to pro- 
duce a residual of about 0.5 p.p.m. 
after a minimum contact period of 5 
min. for every particle. The results of 
both chlorine dosage control and level 
of coliform density were so gratifying 
that these methods, including bacterio- 
logical testing, were continued during 
the summer of 1950 by the regular 
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plant operating staff. At Holland 
and Muskegon a similar program was 
adopted, along with studies on single- 
stage post-chlorination for comparison. 

The process of two-stage, or split 
chlorination as it is usually termed, 
is not a new concept of disinfection. 
It has been employed occasionally at 
many plants throughout the world, but 
has not generally been regarded with 
favor post- 
chlorination, or even pre-chlorination. 
The reasons for this are rather obscure, 
for the method is seldom mentioned in 
the technical literature except in oe- 
casional short references to its use or 
the generalized statement that it would 
produce lower coliform densities than 
chlorination at a single point or that 
it is somewhat more expensive than 
the single-stage method used. It may 
be deduced from a study of the regula- 
tions of many of the state regulatory 
agencies and from a review of the tech- 
nical literature that chlorination of 
plant effluents ahead of a contact tank 
or outfall sewer is the most popular 
and generally accepted method of dis- 
infection, the coliform 
density which local conditions demand. 
This process, in spite of its recognized 
limitations, is known to reduce 
form densities sufficiently to meet cer- 
tain conditions where rigid require- 
ments are not warranted. Whether or 
not effluent requirements such as 500 
M.P.N. per 100 ml. can be consistently 
met by single-stage disinfection is not 
found by the author either by field ob- 
servation or review of the technical lit- 
erature. 


as much as single-stage 


regardless of 


coli- 


Chlorine Demand Variations 


It is well-established that depend- 
able consistent disinfection of sewage 
to meet any standard of low coliform 
density is difficult of attainment by 
generally This is 
not at all surprising when one consid 
ers the and 
Frequent dis- 
cussions are found in the literature on 


accepted methods. 


inconsistent unpredict 


able nature of sewage. 
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the variation in the chlorine demand 
of sewage, the term generally connot- 
ing the rate of chlorine dosage, ex- 
pressed in p.p.m., required to produce 
a chlorine residual of 0.1 p.p.m. after 
a contact period of 15 min. In 1927 
Tiedeman (1) reported that the chlo- 
rine demand of settled sewage of es- 
sentially domestic origin at the Hunt- 
ington, N. Y., plant varied from 2 to 
10.6 p.p.m. in a single day, with daily 
averages of about 6.8 p.p.m., and sea- 
sonal demands ranged from daily av- 
rages of 6.5 to 13 p.p.m. Symons (2) 
in his studies of the Buffalo, N. Y., 
sewage found that, on the average, the 
normal variation in chlorine demand 
was from 70 to 130 per cent of the 
daily average during an average day, 
with single peak variations of 800 to 
1,000 per cent of the average for a 


single day oceurring infrequently. 
Other investigations have reported 


wide ranges in chlorine demand, some- 
times greater and sometimes less than 
these, but always different for each 
sewage and period of time. 

Many of the factors influencing the 
required chlorine dosage are well- 
known, but their absolute or inter- 
related influence on the demand is 
more difficult to determine. Scott and 
Van Kleeck (3) observed that signifi- 
cant factors influencing the rate of 
chlorine dosage to satisfy the demand 
include rate of flow; the 
strength, freshness, and temperature 
of the sewage; the range in variations 
in concentration ; content of industrial 
effects of intermittent 
charge of grit chamber washings or 
digestion tank overflows or sludge bed 


sewage 


wastes; dis- 


underdrainages; chlorine contact pe- 
riod; method of application of chlo- 
rine; and the contact of chlorine and 
sewage with decomposing sludge and 
scum. Extensive studies of Rudolfs 
and Gehm (4) indicate many of the 
complex factors which influence the 
frequent and often unpredictable vari- 
ation of the dosage required. 
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To some extent elimination of the 
factor of variation in sewage flow is 
helpful in providing the required dos- 
age. This is sometimes accomplished 
by chlorine feeding equipment, which 
automatically proportions the dosage 
rate to the rate of sewage flow. It is 
well-established, however, that this con- 
trol of itself is inadequate. It is usu- 
ally still necessary to make manual ad- 
justments, sometimes very frequently 
and often too late, when chlorine is ap- 
plied at a single point. If, however, 
it is applied at two points, much 
greater opportunity is afforded for 
correction. 

An interesting and apparently sue- 
cessful method of dosage control em- 
ployed at the Buffalo, N. Y., sewage 
treatment plant is reported by Symons 
and Simpson (5). The procedure con- 
sisted of frequent manual adjustments 
of the chlorinators based upon pre- 
dicted patterns of demand, with fur- 
ther adjustments on the basis of ob- 
served chlorine residuals. Chlorine was 
added to the raw sewage ahead of sedi- 
mentation tanks having detention pe- 
riods of 45 min. or more. A sample of 
the well-mixed chlorinated sewage was 
collected within 2 min. after initial 
mixing and the sample held for 15 
min., after which the chlorine residual 
was determined. Adjustment in the 
dosage rate was made accordingly. 
The basic hour-to-hour dosage rate 
pattern was determined by considera- 
tion of similar previous conditions. 
This method is perhaps more effective 
than any in current general use for 
single-stage disinfection. 


Other Previous Data 


Although frequent mention of the 
difficulty of controlling dosage rates to 
produce a residual after stipulated pe- 
riods of contact is found in the litera- 
ture, very little information is found 
on the hour-to-hour chlorine residual 


records of actual plant operation. Ree- 
ords of operation at several plants 
examined by the author reveal that 


TWO-STAGE CHLORINATION 


931 


chlorine residuals are frequently lack- 
ing with single-stage disinfection, 
whether for pre-chlorination or post- 
chlorination. These observations have 
been confirmed by several other ob- 
servers. 

A search of the technical literature 
also revealed very little information 
on the hour-to-hour, day-to-day plant 
records of coliform density for any 
method of chlorination. The most ob- 
vious reason for this lack of informa- 
tion is that relatively few operators 
conduct routine analyses for the deter- 
mination of coliform density. The ma- 
jority of the references to work of this 
kind are based upon special investiga- 
tive studies and are often presented as 
statistical evaluations rather than a 
series of actual values for each sample. 
There are, however, sufficient refer- 
ences to provide some general concept 
of the extent of disinfection accom- 
plished by various methods under a 
few conditions. Some basie investiga- 
tions on the relationship of chlorine 
residuals, contact periods, and coli- 
form densities were reported by Tiede- 
man (1) on his studies at the Hunt- 
ington, N. Y., plant. On the basis of 
one sample per month of settling tank 
effluent collected over a period of about 
a year, where each sample was sub- 
jected to varying periods of contact, 
he concluded that a 5-min. reaction 
period was sufficient when a chlorine 
residual of 0.2 to 0.6 p.p.m. by ortho- 
tolodine was maintained. He recom- 
mended, however, that a 15-min. pe- 
riod of contact be provided with chlo- 
rine residuals of this magnitude, but 
did not state what level of coliform 
density may be consistently assured 
thereby. These observations were in 
part confirmed by Symons and asso- 
ciates (2) (5) in their exhaustive 
studies of plant performance at Buf- 
falo, N. Y., during which they con- 
ducted 11,000 sets of bacteriological 
analyses. Chlorination of the raw sew- 
age was closely controlled so as to pro- 
duce a residual of 0.1 p.p.m. after 15 
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min. of the total of 45 or more minutes 
of contact in the settling tanks. Dur- 
ing the 31 months of this study, the 
average coliform density of the raw 
sewage and settling tank effluent were 
7,150,000 and 104,000 M.P.N. per 100 
ml., respectively. This represented an 
over-all reduction of about 98.6 per 
cent. These values represent the 31- 
month average of the monthly aver- 
ages of samples collected daily at 5 
Daily sampling pe- 
riods were carefully chosen to repre- 
sent the 24-hr. average. Monthly av- 
erages of coliform densities of the efflu- 
ent for dry-weather periods ranged 
from a low of 1,000 to a high of 359,000 
M.P.N. per 100 ml. No data are found 
on coliform densities of individual 


periods per day. 


samples. 

Other significant and valuable in- 
formation on chlorination procedures 
includes the reported studies of Elias- 
Heller, and Krieger Sta- 
tistical procedures are formulated for 
the development of a rational basis for 
control of chlorination by residual 
chlorine to produce desired coliform 
densities in the plant effluent. The 
basic experimental work was conducted 
on a weak domestic sewage from one 
of the sewers of the Borough of the 
Bronx, New York City. 
was filtered through nonabsorbent cot- 
ton to 
which 


sen, eh? 


The sewage 


after 
various 


simulate settled sewage, 
chlorine was added in 
percentages of the demand and sub- 
jected to slow or rapid mixing or to no 
mixing at all, followed by a contact pe- 
riod of 10 min. The importance of 
thorough mixing is demonstrated. It 
is interesting to note the finding that 
chlorine dosage sufficient to maintain 
a residual of 0.55 p.p.m., after thor- 
ough mixing and 10-min. contact, was 
required in order to produce coliform 
densities of 300 M.P.N. per 100 ml. 50 
per cent of the time. 
equal interest to 


It is perhaps of 
that coliform 
densities, where adequate mixing was 
employed and where chlorine residuals 


note 


varied from 0.35 to 0.6 p.p.m., ranged 
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from less than 2.2 to 25,000 per 100 ml. 
with 20 per cent at 2,500 or above. 
Much lower efficiencies were reported 
where no mixing was provided prior to 
the 10-min. contact period. 

The magnitude of chlorine residual 
required to consistently maintain a 
stipulated coliform density of ex- 
tremely low order in single-stage post- 
chlorination is discussed by Heukele- 
kian and Day (8). In their studies at 
four plants they found that an ortho- 
tolodine residual of 0.2 to 0.5 p.p.m. 
after 15-min. contact time will meet an 
effluent standard of 250 per 100 ml. 50 
per cent of the time, and the same 
residual with 30-min. contact time will 
produce this coliform density 80 per 
cent of the time. They further re- 
port that compliance with this effluent 
standard with higher re- 
siduals until, with 2.1 to 4.0 p.p.m. 
ortho-tolodine residual, 100 per cent 
compliance is obtained with a 10-min. 
contact time. It is evident that in 
routine plant operation much higher 
chlorine residuals than these would 
have to be maintained much of the 
time in order to assure that the re- 
sidual would not drop below the re- 
quired level, unless chlorine feed were 
regulated automatically with relation 
to residuals. 


inereases 


The accumulated experience and ob- 
servations as reported by the investi- 
vators mentioned and by many others 
coneerned with chlorination problems 
and practices seem to confirm the ob- 
servations of the author and others in 
the state regulatory agencies in Michi- 
van that consistent production of very 
low coliform densities in the effluent of 
primary treatment plants is most diffi- 
cult, if possible, to achieve with usual 
single-stage chlorination methods. It 
is equally evident from the studies dis- 
cussed in this paper that close controls 
over chlorine residuals are necessary 
in two-stage disinfection to attain this 
objective. 

It is realized, of course, that the 
results obtained in these studies may 
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TABLE 


TWO-STAGE CHLORINATION 


Item 


Charlevoix | 


| Petoskey Traverse City 


Est. population served 
Survey period! 
Range of flow (m.g.d.) 
Sewer system: 
Sep. or combined 
Gravity or pumped 
Grit removal 
Screening 


Theor. displacement time: 
Settling tanks (min.) 
Contact tank (min.) 

Chlorinator capacity (Ib. /day) 

Chlorine dosage range: 

Lb. /24 hr. 


P.p.m. 


5,000 
10 am-4:30 pM 
0.4-0.55 


Separate 
Gravity 
Manual 

Mech. shredded 


190-245 
190-245 
100 


62-80 
17.6-23.7 


7,000 
10 am-5 PM 
0.6-0.9 


20,000 
9 amM—4 PM 
2.7-4.0 


Separate 
Gravity 
None 
Bar screen 


Partly each 
Pumped 
Mechanical 
Bar screen 


130-185 
28-40 
80 


95-135 
11-16 
560 


75-80 
10.7-15.8 


125-350 
5.5-13.9 


1 Rates of sewage flow and chlorine dosage are for period of day indicated. 


not be duplicated by precisely similar 
methods at other plants. The methods 
used, however, appear to have suffi- 
cient promise to warrant further stud- 
ies at other installations. It is hoped 
that additional investigations may be 
undertaken to augment the work here 
described. Certainly there is a real 
and urgent need in many places for 
the maximum degree of disinfection 
within the practical limitations of at- 
tainment. 


Single-Stage Chlorination Studies 

Exploratory surveys of existing dis- 
infection methods at three primary 
sewage treatment plants were con- 
ducted in August, 1948, by the Michi- 
gan Department of Health and the 
Michigan Stream Control Commis- 
sion,* with the cooperation and assist- 


* Succeeded by the Michigan Water Re- 
sources Commission in 1949. 


ance of the plant operating staffs. The 
plants are all municipally owned and 
operated, serving the cities of Traverse 
City, Charlevoix, and Petoskey, Mich. 
All are located along the shores of 
Lake Michigan nearby tributary 
waters. In each case the plant efflu- 
ent discharges into public waters used 
extensively for recreation, including 
swimming. 

In several respects the three plants 
selected for study were known to be 
rather ideal for the proposed studies, 
because each was believed to be largely 
uninfluenced and unaffected by par- 
ticularly unusual factors and cireum- 
stances which make disinfection con- 
trol so difficult in many plants. The 
virtual absence of industrial wastes, 
the rather typical quality of the sew- 
age and public water supply, and the 
rather typical kinds and capacities of 
plant treatment facilities proe- 


or 


TABLE II.--Partial Chemical Analysis of Municipal Water Supplies in Survey Cities 


| 


City Souree 


Lake Michigan 
Wells 
Wells 


Traverse City 
Petoskey 
Charlevoix 


| 


| Total Solids | 


| 

} Total 
Hardness, as 
CaCO; 

(p.p.m.) 


Fe 


(p.p.m. 


HCO, 
(p.p.tn.) 


| 


148.8 
217.0 
260.0 


132 
220 
232 


24.8 
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TABLE III.—-Partial Chemical Analysis of Raw and Settled Sewage, 1948 Studies 


B.O.D. (p.p.m. | 


Plant Period | 

Raw 

Traverse City July Av. 275 
July Min. 260 

July Max. 290 

Petoskey Aug. Av. | 272 
Aug. Min. 180 

Aug. Max. 360 

Charlevoix Aug. Av. 250 
Aug. Min. 180 

Aug. Max. 320 


esses and the size of the community 
served seemed to provide a quite ideal 
combination for a basic study of dis- 
infection methods. 

Furthermore, the three plants were 
located sufficiently close together to 
permit the use of one laboratory for 
all studies, without much sacrifice of 
time, 


Description of Plant Facilities 
Facilities at each 
plain sedimentation 


plant included 
with mechanical 
sludge removal, separate sludge diges- 
tion, and chlorination. Supernatant 
liquor from the sludge digestion tanks 
Ta- 


ble I gives a brief summary of perti- 


was returned to the raw sewage. 
nent conditions prevailing during the 
survey, 

Quality of Ne wage 


Some indication of the quality of 
the raw noted 
Tables I] The monthly av- 


sewage may be from 


ITT. 


and 
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| 
Susp. Sol. (p.p.m.) 


Settled Raw Settled 
210 131 80 
180 92 48 
240 158 100 
213 273 113 
160 216 76 
280 360 140 

267 73 
10 200 Of 
2 312 84 


of 5-day B.O.D. and suspended solids 
are believed to represent fairly the 
general range in quality of this sew- 
age, although no tests were performed 
during the survey. 
Organization of Survey 

The survey party consisted of one 
sanitary chemist and one sanitary bae- 
teriologist. Two sanitary engineers 
frequently contacted the party, made 
surveys on the public into 
which the plant effluents discharged, 
and made arrangements with munici- 
pal officials and plant personnel to 
assure uninterrupted conduct of the 
survey. 


waters 


All chemicals, media, glassware, an 
incubator, and necessary supplies were 
transported from the laboratories of 
the Michigan Department of Health to 
the laboratory of the Traverse City 
sewage treatment plant, headquarters 
for the survey of the three plants. 
The sampling schedule was as shown 


erage, minimum, and maximum values in Table TV, 
TABLE Sampling Schedule 
| Traverse City 
Pre-Chlorination Post-Chlorination 
Day of week Tues., Fri Wed., Thurs Fri., Sat. Mon., Thurs 
Period of day 10 am-4:30 10 am-5 PM 8 PM amM-4 PM 
Total samples 26 22 24 20 


4 
| 
ial 
| 
| 
by | | 
| 
| 
| 
| 
| 
a 
| 
| 
| 
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Survey Methods 


Insofar as practicable, the survey 
was conducted without disruption of 
customary operation practice. How- 
ever, adjustments of the manually op- 
erated chlorinators were made more 
frequently than usual to control chlo- 
rine residuals as closely as practicable 
to the desired 0.5-p.p.m. level in the 
effluent of the tank in which chlorina- 
tion was accomplished. 

Chlorine was introduced with the 
raw sewage and well mixed therewith 
before entering the settling tanks at 
Charlevoix and for two of the survey 
days at Traverse City. During the 
other two days at Traverse City and 
both days at Petoskey the chlorine was 
applied to the effluent from the sedi- 


40) 
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mentation tanks before entering a 
baffled chlorine contact tank. 

Two samples of the chlorinated efflu- 
ent were collected simultaneously in all 
instances, one for chlorine residual and 
the other for determination of coliform 
density. Sterile bottles with capacities 
of 100 to 125 ml. were used for each 
purpose. 

The bottle for bacteriological ex- 
amination contained 0.1 ml. of 0.012N 
thiosulfate oven-dried in the bottle 
following sterilization. This dechlo- 
rinated sample was transferred at once 
to the bacteriologist. Three portions 
with four decimal dilutions were 
planted in lactose broth within 10 min. 
following collection. All samples ex- 
cept those collected on the last two 
days at Traverse City were subjected 


CURVE A-TIME TO FIRST APPEARANCE OF DYE 
CURVE B- THEORETICAL DETENTION TIME 
CURVE C-TIME TO DISAPPEARANCE OF DYE 


| 


\ 
\ 


DETENTION PERIOD (mMins.) 


| 


2 3 


4 
RATE OF FLOW (mgdq) 


FIGURE 1.—Time of flow in chlorine contact tank, Traverse City, Mich. 
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to the confirmed test, using brilliant- 
bile. All bacteriological work 
was performed in accordance with 
‘Standard Methods’’ (6). On these 
last two days samples were carried 
through the presumptive test only, on 
the undoubtedly erroneous assumption 
that there would be significant 
change in calculated coliform density 
by completion of the test. This as- 
sumption was not confirmed by data 
collected at the same plant during the 
more exhaustive survey in 1949 re- 
ported herein. 

The sample for residual chlorine de- 


vreen 


ho 
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termination was collected in a plain 
sterile bottle. Residual chlorine was de- 
termined by the ortho-tolodine-arsenite 
method for water analysis prescribed 
by ‘‘Standard Methods’’ (6). Total, 
free, and combined chlorine were de- 
termined and recorded. 


Fluctuations in) Sewage Flow and 


Chlorine Requirements 

To facilitate study of the variations 
rates of sewage flow and chlorine 
requirements and the extent of effec- 
tiveness of chlorine dosage control to 
produce the desired level of chlorine 


in 


FLUCTUATIONS 
IN 
bes SEWAGE FLOW 
400 ane 4 
= CHLORINE REQUIRED 
a POSTCHLORINATION | 
AUG, 23 26,1948 | 
3 300 3° 

SEWAGE FLow. | 
200 1 \ 2 

CHLORINE APPLIED 

| | | | | 


K< CHLORINE APPLIED 


CHLORINE CONSUMED) _ 


RATE OF CHLORINE USE (ppm) 


| 
] A | 
10 N 2 3 4 9 i N 3 
AUG 23 HOUR AUG 26 


FIGURE 2.—Fluctuations in sewage flow and chlorine required for post-chlorination, 


Traverse City, Mich., August 23 and 26, 1948. 
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SEWAGE FLOW 


TWO-STAGE CHLORINATION 


100 Ibs per 24 hrs 


CHLORINE APPLIE 


SEWAGE FLOW (mgd) 


RATE OF CHLORINE APPLIED 


INE 
4 


Note: changed from pre to 
|. post- chlorination. aué.28 

3S0AM. TOS SEAM. 


RATE OF CHLORINE USE 


CHLORINE CONSUMED 


- 
PIN 
7 


AUG 27 HOUR 


9 N 
AUG.26 


FLUCTUATIONS IN SEWAGE FLOWS & CHLORINE REQUIRED 
PRECHLORINATION ~ TRAVERSE CITY, MICH - 1948 


FIGURE 3.—Fluctuations in sewage flow and chlorine required for pre-chlorination, 
Traverse City, Mich., August 27 and 28, 1948. 


residuals, such data for all samples col- 
lected at Traverse City and Charlevoix 
were plotted (Figures 1, 2, 3, and 4). 
The term ‘*chlorine consumed’? as here 
used represents the rate of chlorine ap- 
plied (p.p.m.) minus the chlorine resid- 
ual (p.p.m.). The magnitude of the 
chlorine residual then is the difference 
in these two ordinates. 

The data for Petoskey are not shown 
because it was discovered shortly after 
the survey was begun that the max- 
imum dosage rate of the chlorinator 
was insufficient to produce the desired 
0.5-p.p.m. residual. The survey was 
continued in the hope that less chlorine 
might be required later on, but this did 
not happen, nor did the parts needed 
for expanding the chlorinator capacity 
arrive until after the survey was com- 
pleted. This discovery was of im- 
mediate benefit to the operator of this 
plant both in demonstrating the need 
for more capacity, which had not been 
evident from the infrequent sampling 


customarily performed, clearly 
showing the need for frequent adjust- 
ments in chlorine dosage required to 
compensate for changes in rate of sew- 
age flow and in rate of chlorine demand 
per unit of sewage. Generally, the 
fluctuations in chlorine demand, as ob- 
served in the samples containing resid- 
uals, were of the same unpredictable 
nature both as to magnitude and time 
of occurrence as shown for the other 
two plants. 

It may be noted from Figure 4 that 
a residual was observed in all samples 
on August 20 at Charlevoix, varying 
from 0.1 to 1.0 p.p.m. The highest rate 
of sewage flow for this day was 0.54 
m.g.d., occurring at 10 am. The cor- 
responding chlorinator setting was 80 
lb. per 24 hr. On the basis of these 
data and in the light of the experience 
of the operator it was assumed that the 
80-lb. rate would be sufficient as long 
as sewage fiows did not exceed this rate. 
That this assumption was erroneous 
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FIGURE 4.—Fluctuations in sewage 


flow and chlorine required for pre-chlorination, 


Charlevoix, Mich., August 20 and 24, 1948. 


tay be noted from the data for August 
24. Of the 12 samples collected on that 
day, only 5 contained measurable resid- 
uals and all of these were 0.35 p.p.m. 
or less with continuous dosage rates of 
80 lb. and flows never exceeding 0.54 
m.¢ d. 

Similarily, a lack of relationship be- 
tween magnitude of rate of sewage flow 
and the amount or rate of ehlorine dos- 
age to produce residuals may be noted 


in Figures 1, 2, and 3 for Traverse 
City, both for pre-chlorination and 
post-chlorination. Although rough 


trends from early morning lows to mid- 
day highs, followed by some falling off 
in may be 
noted, estimates of the time of occur- 


demand in midafternoon, 
rence or magnitude of required dosage 
cannot be made, on the basis of experi- 
ence, sufficiently close to permit control 


of chlorine residuals within practical 
limits. It is clear that a chlorinator 
with dosage proportioned automati- 
cally to sewage flow would not of itself 
afford good control. It would appear 
that effective dosage control can be best 
accomplished for pre-chlorination by 
imposing frequent adjustments upon a 
pre-estimated program of adjustments 
based on experience and observation, 
similar to that employed at Buffalo, 
N. Y., as described by Symons and 
Simpson (5). However, it would ap- 
pear that such control requires a degree 
of precision and effort not practicable 
except in extensive installations. Ide- 
ally, perhaps, control could best be ob- 
tained by some automatic device trans- 
lating instantaneous chlorine demand 
of the raw sewage into chlorine dosage 
requirements per unit of sewage flow 
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volume and with provision of automatic 
adjustment of chlorine dosage aceord- 
ingly. Assuming that a residual of 
some magnitude is required for effee- 
tive disinfection, and lacking this type 
of automatic control equipment, it may 
be reasoned that the objective can only 
be attained by frequent overdosage, 
often of substantial magnitude. When 
it is considered that such control might 
require overdosage of several parts per 
million, as indicated by these brief 
studies, it is evident that it would some- 
times be difficult to follow because of 
the need for justification of what might 
appear to be a needless waste of chlo- 
rine. 


Control of Coliform Density 


The data secured on coliform densi- 
ties were considerably weakened by 
frequent failure to maintain a chlorine 
residual in the effluent at the sampling 
point, both at Petoskey and Charlevoix. 
Because the samples for pre-chlorina- 
tion at Traverse City were not sub- 
jected to the confirmed test, these data 
may not be directly compared with the 
pre-chlorination data for Traverse City 
or for Charlevoix, both of which are the 
results of the confirmed test. However, 
sufficient data were secured to warrant 
comparison from which some indication 
and inferences may be deduced. 

Table V includes all samples at Tra- 
verse City and Charlevoix for which 
chlorine residuals of any magnitude 
were observed. Residuals varied from 
0.05 to 2.0 p.p.m. for all three sets of 
data. No relationship between the 
magnitude of chlorine residuals and 
coliform densities was noted. 

Because the coliform data for pre- 
chlorination at Traverse City are based 
on presumptive values it may be as- 
sumed that some further reduction in 
level would be produced by the con- 
firmed test. Some further reduction in 
magnitude of coliform densities for 
Charlevoix would undoubtedly have 
been demonstrated by a better choice 
of dilutions, as 7 of the values were 
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TABLE V.—-Comparison of Level of 
Coliform Density 


| No, Samples Not Exceeding 
Coliform Density Specified 


Coliform Density 
(M.P.N./100 ml.) Traverse City 
Charlevoix, 
Pre-Chlor. 
Pre- 
Chior. 


| Post- 
| Chlor. 


1,000 

5,000 
10,000 
50,000 
100,000 
240,000 


0 


‘ 


| 


Total No. samples 19 


45,000 | 4,600} 4,300 


Log. av. coliform 
density 


reported as less than 36,000 and 5 as 
less than 3,600. 

These tabulated results indicate that 
much lower coliform densities were se- 
cured with long contact periods (2 to 
4 hr.) following chlorination of raw 
screened sewage than with short con- 
tact periods of about 10 to 15 min. fol- 
lowing plain sedimentation, when in all 
instances residual chlorine of the same 
general magnitude and generally less 
than 1.0 p.p.m. was present in the sam- 
ple following these contact periods. 


Summary of Observations 


From these brief exploratory studies 
of chlorination at three rather typical 
small primary treatment plants largely 
uninfluenced by industrial wastes, the 
following indications were noted: 


1. Fluctuations in chlorine require- 
ments to produce a residual in the ef- 
fluent, either with pre-chlorination 
or post-chlorination, are unpredictable 
both as to magnitude and time of oc- 
currence, varying as much as & p.p.m. 
in a single day from 8:00 am to 5:00 
PM. 

2. Chlorine residuals of any desired 
magnitude less than 1 p.p.m. are most 
difficult to control by ordinary and 


Pre-chlorination vs. Post-chlorination 
0 
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customary methods in single-stage dis- 
infection. 

54. No definite trends or relationships 
were noted between the magnitude of 
coliform density and the amount of 
residual chlorine, when residuals varied 
between 0.5 and 2.0 p.p.m. 

4. Substantially lower coliform den- 
sities were observed with chlorination 
of raw sewage followed by a 2- to 4-hr. 


theoretical contact period than with 
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chlorination of settling tank effluent 
followed by theoretical contact. periods 
of 10 to 15 min. 


These indications of several deficien- 
cies of both methods of single-stage dis- 
infection for the consistent, continuous 
production of coliform densities of very 
low and predictable magnitude led to 
the decision to explore the merits of 
two-stage chlorination. 


II. Plant-Scale Studies 


limitations of 
chlorination of primary 
sewage plant effluents, as indicated b) 
the 1948 studies both with respect to 
effluent quality and the impracticabil- 
ity of consistently maintaining any de- 
sired level of chlorine residual, led to 
the decision to explore the merits of 


Recognition of the 


single-stage 


chlorination as a means of 
The 


plant was selected for these in- 


two-stage 
disinfection control. Traverse 
City 
vestigations, particularly because (a) 
the 1948 studies conducted there had 
established certain valuable basic in- 
formation about the plant facilities and 
the quality of the sewage; (b) the 
facilities, both as to size and type, are 
typical of many plants in Michigan and 
elsewhere; and (¢) some basis of com- 
parison of single-stage and two-stage 
chlorination might be obtained. 
During the summer of 1950, 
chlorination continued at 
Traverse City as routine operation and 
the cities of Holland, Frankfort, and 
Muskegon, Mich., adopted the practices 
for the first time. Data from the 
‘Traverse City and Holland plants are 
included in the following discussion. 
At each plant chlorine was introduced 
with the raw sewage prior to sedimenta- 
tion and again with the settling tank 
effluent ahead of a contact tank. 


two- 


stave was 


Traverse City Studies—1949 
The 1949 investigations and studies 
were undertaken cooperatively by the 
Michigan Department of Health and 


the Michigan Water 
mission as in the previous summer. In 


Resources Com- 


planning the survey it was proposed 
that it be conducted over a period of 
sufficient duration, involving as many 
samples as practicable in order to rea- 
sonably establish, wherever possible, 
the merits and limitations of the proc- 
ess of two-stage chlorination. 

The actual field investigations and 
studies were begun on June 22 and 
completed on July 18, 1949. The work 
was performed by two sanitary engi- 
neers, one from the Engineering Divi- 
sion of the Michigan Department of 
Health and the other from the techni- 
cal staff of the Water Resources Com- 
mission. The operating staff of the 
plant materially assisted in the work 
by making adjustments in plant op- 
eration schedules and other coopera- 
tive efforts requested by the survey 
party. 

Facilities Involved 


Sewerage 


In most respects the investigations 
were conducted under conditions simi- 
lar to those prevailing during the 1948 
single-stage chlorination. 
The major difference was the admis- 
sion into the sewer system of wastes 
from cherry canning operations, dur- 
ing a portion of the survey period. 
Cannery operations began on about 
July 10 and considerably affected the 
quality of the sewage at the plant from 
July 12 to July 18, when the studies 
were terminated. 


studies on 


These wastes origi- 
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nated largely from cherry washing and 
pitting operations. The sewage fre- 
quently contained whole cherries or 
parts thereof, slimes, and juices in 
solution. Aside from these wastes, 
no significant industrial wastes were 
known to be tributary to the sewer 
system connected to the plant. 


Survey Methods 


During the entire survey, except for 
a few hours when the chlorine supply 
was nearly depleted, chlorine was con- 
tinuously introduced with the raw 
sewage in the grit chamber ahead of 
the four parallel plain sedimentation 
tanks. Chlorine was also added to the 
settling tank effluent and well mixed 
before entering the chlorine contact 
chamber. During several periods, usu- 
ally beginning at about 8:00 am and 
lasting for about 2 hr., chlorine was 
not applied at the second point when 
residuals of 1.0 p.p.m. or more were 
observed in the settling tank effluent. 
Control over the rate of chlorine feed 
was exercised with the purpose of 
maintaining some measurable residual 
at the points of discharge of the set- 
tling tanks and a 0.5-p.p.m. residual 
at the point of discharge of the con- 
tact chamber. Two 300-lb. manually 
operated solution feed chlorinators 
were used. 

Samples were collected on 17 days, 
usually from about 8:00 am to 3:30 
pM at intervals of about 45 min. A 
total of 174 pairs of samples were col- 
lected from the settling tank effluent 
and an equal number from the effluent 
of the chlorine contact tank. One of 
each pair was tested for residual chlo- 
rine and the other for coliform density. 
With the exception of the 66 samples 
of contact tank effluent collected dur- 
ing the last 6 days of the survey, 
all samples for bacteriological analysis 
from both points were dechlorinated 
immediately after collection in 100- to 
125-ml. bottles containing 0.1 ml. of 
sodium thiosulphate oven dried after 
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bottle sterilization. These 66 samples, 
however, were collected in a large 
sterile bottle and held therein for sev- 
eral minutes before transfer to a regu- 
lar bottle for dechlorination. The 
holding time in the first bottle was de- 
termined by subtracting from 20 min. 
the theoretical displacement time of 
the contact tank for the sewage flow 
recorded at the time of collection. All 
samples for bacteriological analysis 
were planted in lactose broth within 
5 min. following dechlorination. Three 
portions of four dilutions each were 
subjected to the confirmed test using 
brilliant-green bile in accordance with 
‘‘Standard Methods.’’ Caleulations 
were made for M.P.N. per 100 ml. on 
the basis of both presumptive and con- 
firmed tests. The second sample of 
each pair, collected simultaneously in 
plain sterile bottles, was tested for re- 
sidual chlorine by the ortho-tolodine- 
arsenite method prescribed by ‘‘Stand- 
ard Methods’’ for water analysis. To- 
tal, free, and combined chlorine were 
recorded. 

For purposes of illustrating the ef- 
fect of longer contact time in the sec- 
ond stage of chlorination, those sam- 
ples held in a bottle before dechlorina- 
tion, together with the corresponding 
samples of settling tank effluent, are 
referred to hereinafter as Series II; 
all others are grouped under Series I. 


Detention Time—Chlorine Contact 
Tank 


The time of flow through the chlo- 
rine contact tank, determined by the 
time of passage of vegetable and fluo- 
rescein dyes, is shown in Figure 5. 
Dyes were added to the settling tank 
effluent at the point of chlorine appli- 
cation. At this point considerable 
turbulence was induced by the dis- 
charge from the settling tank effluent 
channels. The contact tank is about 
60 ft. long, 7 ft. wide, and 9 ft. deep. 

The time interval from addition of 
the dye and its first appearance at the 
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CURVE A-Time to first appearance of dye 


CURVE B-Theoretical detention time 


CURVE C -Time to disoppearance of dye 


CURVE D-Time sample held in bottle 


GURVE E-Contact time, Tank & Bottle 


DETENTION PERWD (mins) 


2 3 


RATE OF FLOW (mgd) 


FIGURE 5.—Time of flow in chlorine contact tank, Traverse City, Mich. 


point of discharge is plotted in curve 
A. Time from introduction to last 
traces at the discharge point is plotted 
in curve C. The period of contact pro- 
vided by the tank is thus shown to lie 
at varying points between curves A 
and C, The theoretical time of pas- 
sage, based on displacement, is plotted 
in curve B. The time interval between 
20 min. and curve B is plotted in eurve 
D, representing the time samples were 
held in the bottle for Series II. The 
minimum time of contact of chlorine 
and sewage is the sum of the ordinates 
of curves A and D, plotted as curve E. 
Generally the samples were held for 5 
to 8 min. in the bottle following a mini- 
mum contact period of 5 to 7 min. in 
the tank. 


Fluctuations in Sewage Flow and 


Chlorine Requirements 


All sewage was pumped to the treat- 
ment plant by two pumping 
tions. The main pumping station was 
equipped with three float-controlled, 
electrically-operated sewage pumps 
having a maximum combined capacity 
of 4 m.g.d. The other station had a 
capacity of about 0.4 m.g.d. Rates of 
flow at the plant varied between 1.0 
and 4.2 m.g.d. during the 24-hr. pe- 
riod on the days of the survey. An 
indicating, recording, and _ totalizing 
mechanism actuated by a Venturi tube 
on the plant influent line records all 
flows. 

In order to demonstrate typical flow 
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SEWAGE AND INDUSTRIAL WASTES 


NOTE: EACH POINT O REPRESENTS 
TOTAL DOSAGE RATE MINUS 
RESIDUAL IN FINAL EFFLUENT 


CHLORINE CONSUMPTION (PPM) 


FIGURE 7.—Total rates of chlorine 
consumption representative of survey pe- 
riod. 


patterns occurring during the summer 
season prior to cherry canning opera- 
tions, the flow charts for the sampling 
periods of several days are plotted in 


Figure 6. Flow rates during the 
cherry canning season were slightly 
more uniform and generally of greater 
magnitude. Although these fluetua- 
tions in the flow pattern are much 
more abrupt and of much greater 
magnitude than would be expected in 
a gravity flow system, the peaks are 
generally of short duration compared 
with the detention period of the set- 
tling tanks. It may reasonably be as- 
sumed that some leveling off of these 
peak rates occurred in these tanks, 
materially reducing problems of con- 
trol of chlorine dosage. 

It was attempted throughout the sur- 
vey to control the rate of chlorine feed 
at the two points of application in such 
a manner as to produce consistently a 
residual not to exceed 0.5 p.p.m. in the 
settling tank effluent and as close as 
practicable to 0.5 p.p.m. in the contact 
tank (final) effluent. Rates of feed 
were adjusted on the basis of predicted 
patterns of chlorine demand based on 
experience, on the last previous ob- 
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servation of chlorine residual, and on 
the rate of sewage flow. It was some- 
times necessary to interpret all three 
factors in order to arrive at the proper 
rate. 

Chlorine dosage, both in terms of 
pounds per 24 hr. and in relation to 
sewage flow (p.p.m.), is plotted in Fig- 
ure 6. The rate in terms of sewage 
flow was based upon the reading of the 
sewage Venturi meter at the time of 
sampling. These points are connected 
without regard to intermediate flow 
rates. Here, as in the survey of the 
previous year, some rough diurnal 
trends may be observed. However, 
neither the precise time of occurrence 
of such changes nor their magnitude 
was predictable. 

Rates of chlorine applied for pre- 
chlorination and total rate of applica- 
tion for the two stages are plotted in 
Figure 6. The difference in the two 
ordinates at any point represents the 
rate of post-chlorination, or the rate 
applied to the settling tank effluent. 
It may be noted that, generally, post- 
chlorination was not started until after 
10:00 am. Usually chlorine residuals 
in the settling tank effluent were suffi- 
ciently high during the early morning 
hours to produce a residual of 0.5 
p.p.m. or more in the contact tank 
effluent without further addition. The 
magnitude of this residual for all sam- 
pling periods plotted in Figure 6 may 
be determined by subtracting the ordi- 
nate of the broken line from that of the 
top solid line. 

It is indicated in Figure 6 that a 
chlorine residual was observed in the 
final effluent for all samples. As dis- 
cussed later, this was true during the 
entire survey. It is shown later (Ta- 
bles VII and VIII), however, that chlo- 
rine residuals were not always observed 
in the settling tank effluent, confirming 
the observation of the previous year’s 
study on single-stage pre-chlorination 
at the same plant and at Charlevoix. 
This ability to consistently maintain 
chlorine residuals in the final effluent 
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TWO-STAGE CHLORINATION 


TABLE VI.—-Range in Rate of Chlorine Feed and Number of Adjustments in 
Rate Required for Residual Chlorine Control 


Pre-Chlorination 


Post-Chlorination 


Date 
(1949) 


Range of Rate 


Range of Rate 


No. Adjust- No. Adjust- 
ments in ments in 
(lb. /24 hr.) (p.p.m.) (lb. /24 hr.) (p.p.m.) make 


200-225 6.8-11.1 
24 0-225 5.1-10.0 
27 175-275 6.2-11.7 
28 175-225 7.5-9.3 
29 200-250 8.6-10.7 
30 225-290 8.7-11.2 


4 50-75 1.5-3.7 4 
3 30-150! 1.1-6.0 5 
5 0-40 0.0-1.7 2 
2 0-45 0.0-1.9 4 
2 0-60 0.0-2.6 3 
3 0-65 0.0-2.5 5 


1 225-290 9.7-12.0 
5 225? 8.4-11.7 
6 0-300 0-13.3 
7 225-300 8.7-12.8 
8 225-300 9.6-12.4 
11 200-300 8.6-12.4 
12 250-350 8.8-14.0 
13 275-375 10.7-13.1 
14 275-400 8.3-14.5 
15 200-435 10.0-16.0 
18 300-390 12.0-16.7 


chlorine supply. 
2 Observations from 8:15 to 9:30 aM only. 


is of tremendous significance in the 
control of coliform densities. 

How difficult is it to maintain this 
degree of precision of control? How 
much overdosage is required? The an- 
swers to these questions of great prac- 
tical interest are indicated in Table VI 
and Figure 7. 

The range in rate of chlorine feed 
and the number of adjustments in such 
rates required for this precision of con- 
trol are tabulated for the entire period 
of the survey in Table VI. In spite of 
wide variations in dosage rates, as in- 
dicated both in Table VI and in Figure 
6, generally not more than 4 adjust- 
ments of each chlorinator were re- 
quired. Referring to Figure 7, it may 
be noted that total rates of chlorine 
consumption are plotted for the period 
June 24-July 6. Such rates are repre- 
sentative for the entire period of the 
survey. Here the total rate of chlorine 
dosage for both stages, minus the resid- 
ual in the final effluent, is represented 


5 0-50 0.0--2.2 4 
0 0 0.0 0 
3 0-100! 0.0-4.5 2 
3 0-45 0.0-1.9 3 
2 0-40 0.0-1.7 2 
3 0-60 0.0-2.5 5 
2 0-80 0.0-3.2 4 
4 0-50 0.0-2.0 l 
6 0-100 0.0-4.1 3 
7 0-90 0.0-2.7 6 
6 0-40 0.0-2.0 4 


! Rates increased for short period to compensate for failure to pre-chlorinate due to depleted 


by a single point for each sampling 
period. The band occupied by these 
points has a width of about 3 to 4 
p.p.m. It may be observed that if a 
line were drawn above all points so as 
to produce a residual of about 0.5 
p.p.m. it would be located at about 10 
p.p.m. from 8:00 am to 10:00 am, 12.5 
p.p.m. from 10:00 am to 11:00 am, and 
at 13.5 p.p.m. from 11:00 am to 4:00 
pM. It is interesting to note that, con- 
sidering all samples for the period, the 
average rate of overdosage by such a 
program would not have exceeded 2 
p.p.m., whereas instantaneous rates of 
overdosage would have been generally 
less than 4 p.p.m. Generally, 2 p.p.m. 
would have been sufficient for the sec- 
ond stage to produce a residual of about 
0.5 p.p.m. Thus, it is indicated that 
great precision of control of chlorine 
dosage to consistently produce a resid- 
ual in the effluent was accomplished 
with but few adjustments of a man- 
ually-operated chlorinator with infre- 
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quent overdosage. Chlorination equip- 
ment automatically proportioned to 
flow would accomplish the same objec- 
tive with 3 settings for one chlorinator 
and a constant rate for the other with 
relatively small overdosage. 

The effectiveness of the control of 
chlorine dosage with respect to the pro- 
posed residual in the settling tank ef- 
fluent and final effluents is shown in 
Tables VII and VIII. Of all of the 
samples of settling tank effluent, 83 per 
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cent contained a residual and 28 per 
cent contained more than 0.5 p.p.m. Of 
all of the samples of final effluent, 100 
per cent contained a residual, 50 per 
cent had residuals ranging from 0.35 
to 0.75 p.p.m., 31 per cent contained 
more than 0.75 p.p.m., and 19 per cent 
contained less than 0.3 p.p.m. 


Coliform Density 


The coliform densities of all samples 
of settling tank effluent are grouped in 


Relationship of Coliform Density and Chlorine Residual in Settling Tank Effluent 


with Chlorine Applied to Settling Tank Influent; Traverse City, Mich., 1949 


Residual 
Chlorine 


| 
Per Cent of Samples Not Exceeding Coliform Densities (MPN per 100 ml.) Specified 


Total No. 


36 | 100 | 500 1,000 


Samples 


| 5,000 | 10,000 | 110,000 Indet.! 


| 


(a) Aut Sampies (Series I anp II) 


oo 


go 
Cor 


l 
5 
4 


100.0 


34.4 
63.5 
80.6 
80.0 
93.0 
100.0 


44.8 
71.7 
94.4 
80.0 
93.0 
100.0 


65.5 
96.7 
100.0 
100.0 
100.0 
100.0 


Total No. 
samples? 


139 162 


(b) SampLe SERIES 


10.9 | 
19.3 
55.5 
85.8 
92.5 


10.9 
22.5 
63.0 
85.8 
92.5 
100.0 


| 57 


17.6 
54.7 
92.5 
100.0 

| 100.0 
| 100.0 


| 


Samp_e Series II 


0 
Tr.-0.1 0 
0.15-0.35 | 22.2 88.8 
0.4 -0.75 | 12.5 50.0 
10-15 | 1000}; — | 
1.75-2.0 | 85.8 | 100.0 


24.2 | 
| 


Total No. 


samples* | 3 
| 


MPN 


values indeterminate; 110,000 or greater. 


* Number not exceeding coliform densities specified. 


= 

4 
o | | 0 138 | 17.2 | 100.0 29 
Tr.-0.1 5.0 | 21.7 | 267 100.0 60 
0.15-0.35 8.3 64.0 | 69.5 | 100.0 | 36 
Se 0.5 -0.75 | 26.6 | 66.7 | 80.0 | 100.0 15 ; 
ee 10-15 | 71.4 | 93.0 | 93.0 100.0 14 

1.75-2.0 | | 60.0 | 9.0 | 100.0 20 

27. 35 | 82 | 92 | 131 — 174 174 
en a Ce | 0 | 29.4 | 47.2 | 100.0 17 
a Tr0.1 | O | 32 | 70.8 | 93.5 | 100.0 31 
ea 0.15-0.35 | It | Il | 96.5 | 100.0 | 100.0 27 

ees. 04-075 | 143 | 286 | 100.0 | 100.0 | 100.0 7 
ee 10-15 | 69.2 | 69.2 | 100.0 | 100.0 | 100.0 13 

a 1.75-2.0 69.2 | 77.0 | 100.0 | | 100.0 | 100.0 | 100.0 13 : 
Total No | | 

a samples? 22 | 25 54 | | 78 | 8 | 97 108 108 
On 

oe 58.3 | 583 | 91.7 | 100.0 12 

re 72.5 | 725 | 1000 | — 29 

4 100.0 | — 8 

| 
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TWO-STAGE CHLORINATION 


TABLE VIII.—Comparison of Coliform Densities Pre-Chlorination vs. 
Pre- and Post-Chlorination 


Per Cent of Samples Not Exceeding Coliform Densities Specified 


Series I 


Series II 


Coliform Density 
(MPN /100 ml.) 
Settling Tank 

uent 
(Pre-Chlorination) 


Contact Tank 
Effluent (Pre- and 
P hlorination) 


Contact Tank 
Effluent (Pre- and 
Post-Chlorination) 


Settling Tank 
Effluent 
(Pre-Chlorination) 


' Indeterminate, greater than 110,000. 


Table VII (a) by varying levels of chlo- 
rine residuals, showing the percent- 
age of samples not exceeding specified 
coliform densities. In order to study 
the effect of contact time in the second 
stage of disinfection, samples of Series 
I and Series II are tabulated separately 
(Tables VII(b) and VII(c)) for both 
settling tank effluent and final effluent. 

Several observations may be made 
from these data. It may be noted that 
for any standard of coliform density, 
the percentage of samples of settling 
tank effluent meeting the standard in- 
creases with increasing chlorine resid- 
uals. Examination of the samples with 
respect to a standard of 500 MPN per 
100 ml. shows that in Series I (Table 
VII(b)) 54 of the 108 samples do not 
exceed this value. Only 19.3 per cent 
of the samples in Series I with resid- 
uals below 0.1 p.p.m. fall in this group. 
This proportion increases to 55.5 per 
cent for residuals of 0.15 to 0.35 p.p.m., 
to 85.8 per cent for residuals of 0.4 to 
0.75 p.p.m., to 92.5 per cent for resid- 
uals of 1.0 to 1.5 p.p.m. All samples 
having residuals of 1.75 to 2.0 p.p.m. 
do not exceed this standard. Generally 
similar results are noted in Series II 
(Table VII (ec) ), except the unexplained 
reversal of position of the group in the 


0.15- to 0.35-p.p.m. residual bracket 
with those in the 0.4- to 0.75-p.p.m. 
group. Following these results to 
Table VIII, it may be noted that where- 
as Series I settling tank effluents (pre- 
chlorination only) met the standard 50 
per cent of the time, this same sewage 
subjected to further chlorination met 
the standard 83.5 per cent of the time. 
It will be recalled that post-chlorina- 
tion contact periods for this series were 
generally of the magnitude of 6 min. for 
some particles of the flow. In Series IT 
(Table VIi(c)), where minimum con- 
tact periods were of the general order 
of 10 to 14 min., a more striking im- 
provement in coliform density is noted. 
Here, where 42.5 per cent of the set- 
tling tank effluent samples were within 
the 500 MPN standard, 98.5 per cent 
of the samples subjected to two-stage 
disinfection were within this group. 
The improvement is much more strik- 
ing when a coliform density of 36 MPN 
per 100 ml. is considered. In Series II, 
a total of 5 of the 66 samples of settling 
tank effluent met this standard. With 
the addition of about 2 p.p.m. of chlo- 
rine and a contact period of about 10 
to 15 min. certain, 55 of the samples 
did not exceed this value. Here again 
the Series II group showed greater im- 


36 20.3 44.4 7.6 83.3 . 
100 23.2 59.2 15.2 93.9 ; 
500 50.0 83.5 42.5 98.5 : 
1,000 61.5 90.7 53.1 98.5 
5,000 72.0 96.3 80.3 100.0 
10,000 79.5 97.2 80.3 100.0 ; 
110,000 90.0 100.0 98.5 100.0 
Indet.! 100.0 100.0 100.0 100.0 : 
{ 
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provement than Series I, illustrating 
the importance of longer contact pe- 
riods. 


Statistical Evaluation of Coliform 
Density 


It is of interest to examine the mass 
of data for the entire survey period by 
an accepted statistical method in order 
to establish the following fundamental 
characteristics, relationships, and vari- 
ations of coliform densities : 


1. The mean density of all samples 
for (a) settling tank effluent (pre- 
chlorination) and (b) final effluent 
(two-stage chlorination). 

2. The stability of coliform densities 
over the survey period and the varia- 
tions in real changes in level of quality, 
independent of the inherent errors of 
the test procedures. 

3. Comparison of levels of mean coli- 
form density for single-stage with two- 
stage disinfection. 

4, Extent of similarity in mean coli- 
form density in the Series I tests and 
the Series II tests, both for settling 
tank effluent and final effluent in order 
to study the effect of contact time on 
level of coliform density. Such a study 
involves, basically, the elimination of 
similarities or dissimilarities arising 
purely from chance. 

5. Extent of similarity of the results 
of the presumptive test and confirmed 
test as a measure of coliform density. 


The graphical methods of statistical 
analyses developed by Velz (9) are em- 
ployed in the following charts and dis- 
cussions. 

The coliform densities for the entire 
period of the 1949 Traverse City sur- 
vey are plotted in Figures 8 and 9. 
Data for Series I samples are plotted 
separately from the data for Series IT. 
For the subsequent consideration of the 
effect of contact time on second-stage 
disinfection, it is significant to estab- 
lish whether or not the bacterial qual- 
ities of the two series were of a compa- 
rable level. The adopted procedure 
involved the following steps: 
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1. Elimination of all samples not 
subjected to pre-chlorination. 

2. Arranging all coliform density 
data in order of ascending magnitude. 

3. Assigning a serial number, m, to 
each of the coliform density values 

4. Determining the plotting position 
of each serial value on the X scale, by 
computing the percentage values ob- 
tained from m/(n +1). The plotting 
position for each value represents the 
percentage probability that the coli- 
form density was equal to or less than 
that observed. 

5. Plotting of all data on log prob- 
ability paper and drawing the line of 
best fit through the plotted points. 


It will be noted that the Y’ scale is an 
expression of standard deviation, o, 
from the 50 per cent probability line on 
the X scale or deviation from the mean. 
The Y’ seale is readily recognized as the 
logarithm of the coliform density values 
plotted on the Y scale. 

The point of intersection of the 50 
per cent probability line with the 
plotted line represents the mean den- 
sity of the mass of data. That real 
changes in level of mean density oc- 
curred during the survey is demon- 
strated graphically by comparison with 
the standard slope for 3 portions, which 
is much flatter than the slope of the 
plotted line. For purposes of compar- 
ison of this type of data by others, it 
may be noted that the slope of the 
plotted lines, opog, determined by scal- 
ing Y’ for a unit of Y’, is 1.25 for Series 
I and 0.86 for Series II of the settling 
tank effluent. 

Figure 8 covers all samples of Series 
I, and Figure 9 all samples of Series 
II. Settling tank effluents and final ef- 
fluents are plotted separately. It may 
be noted that the mean density of the 
settling tank effluent denoted thus (*) 
on the chart is 640 for Series I and 
1,200 for Series II. To determine the 
shift in mean density during the survey 
period, within any desired confidence 
limit, lines may be projected from 
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FIGURE 8.—Comparison of coliform densities of settling tank effluent with contact 
tank effluent, Series I, Traverse City, Mich., 1949. 
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FIGURE 9.—Comparison of coliform densities of settling tank effluent with contact 
tank effluent (held), Series II, Traverse City, Mich., 1949. 


i: 
iS 
: 
; 
: 
i 


Vol. 24, No. 8 


TWO-STAGE CHLORINATION 


TABLE IX.—Range of Mean Density (MPN per 100 M1.) Settling Tank 
Effluent and Final Effluent, Traverse City, Mich., 1949 


Source of Samples No 


Range of Mean Density by Per Cent of Time 


Samples 
30% 


90% 95% 99% 


Series I: 
Settling tank effi. 99 
Final effluent 99 
Series II: 
Settling tank effi. 
Final effluent! 


66 
66 


160 to 2,700 
25 to 220 


530 to 2,700 
<30 


23 to 23,000 
5 to 1,100 


12 to 44,000 
3 to 2,000 


4 to 160,000 
lto 5,600 


170 to 6,800 
<230 


110 to 20,000 
<230 


55 to 25,000 
<230 


1 After holding in bottle. 


points on the plotted line, parallel to 
the line of standard slope, to the 50 
per cent probability line. For a con- 
fidence range of 90 per cent, the lower 
limit of 5 per cent and upper limit of 
95 per cent would be examined. The 
upper limit is determined by starting 
the parallel line A~A where the plotted 
line intersects 95 per cent and extend- 
ing it to the 50 per cent line. Sim- 
ilarly, line B—B determines the lower 
limit. Thus it may be observed that 
the 90 per cent confidence range was 
from about 23 to about 23,000 for the 
settling tank effluent of Series I. This 
may be interpreted to mean that 90 
per cent of the time the mean density 
was within the range of 23 to 23,000 
MPN per 100 ml. Similar plottings 
for 50, 95, and 99 per cent confidence 
ranges provide the results shown in 
Table IX. 

In both Figures 8 and 9 it may be 
observed that a large number of points 
for final effluents plotted on the Y axis 
as 30 are actually less than 30, but of 
indeterminate density by reason of im- 
proper choice of dilutions. This is par- 
ticularly true of the Series II data, 
where the majority of the points are 
less than 30 MPN per 100 ml. It is 
clear that the position of the plotted 
distribution line must be estimated on 
the basis of the few determinate values 
observed and that the slope of the 
line may vary considerably from that 
shown. Any shift of these lines ad- 


justed for this error, however, would 
not materially change the mean density 
within practical limits. 

The impression gained from examin- 
ation of the tabulated data in preced- 
ing discussions that there is a signif- 
icant difference between coliform den- 
sities of samples obtained from the 
contact tank directly (Series I) and 
those held for several additional minutes 
in a bottle (Series II) is demonstrated 
here by graphical statistical methods. 
That a marked difference was found 
may be noted particularly from Table 
IX, where the statistical results are 
tabulated. 

It is of interest to note the compa- 
rability of coliform density of settling 
tank effluents of Series I and II. The 
lines representing distribution of coli- 
form density values for these series are 
transferred from Figures 8 and 9 to 
Figure 10. Here graphical methods 
are employed to determine whether the 
two series are significantly different, by 
ruling out chance variations. In com- 
paring these series, it is desired to use 
a 99.73 per cent confidence level of de- 
termination of the means of the two 
series. This involves the application of 
+3 standard errors (SE) of the mean 
densities. Employing the relationship 


SEmean log = 
vn 
1.25 
1SE = 190 =+ 0.126 
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for Series I and 


SE for Series II = = =+ 0.106. 
V66 


The standard error, measured along the 
Y’ seale, is plotted above and below 
the mean density point with intercepts 
on the plotted density distribution line. 
Plotting +1 SE for Series I gives a 
range of mean density from 480 to 900 
MPN per 100 ml. Corresponding den- 
sities for Series II are 800 to 1,500. 
Thus, for 1 SE or within a 68 per cent 
confidence limit there is overlapping 
of density values for the two series. 
When +3 SE are applied, the range 
of mean density is about 280 to 1,490 
and about 540 to 2,300 for Series I and 
Series II, respectively. Because there 
is considerable overlapping of these 
values, it is reasoned that the difference 
in mean density of the two series is not 
statistically significant. This adds con- 
siderable strength to the argument that 
the length of contact time for the sec- 
ond stage of disinfection is a very 
significant factor in securing uniformly 
low coliform densities. 

It is also of interest to examine the 
settling tank effluent data on coliform 
densities to determine whether the re- 
sults obtained from presumptive tests 
were significantly different from con- 
firmed test results. The data for these 
two tests for all samples containing a 
chlorine residual are plotted in Figure 
11. Applying +3 SE to such data re- 
veals that for this 99.73 per cent con- 
fidence limit, the level of mean density 
by the presumptive test ranges from 
about 2,800 to 12,800 MPN per 100 ml., 
whereas the level determined by the 
confirmed test ranges from about 380 to 
1,120. There is a distinet gap between 
these values, indicating that it is prac- 
tically certain that the difference is 
beyond what can be ascribed to chance. 


Traverse City Studies—1950 


The results of the 1949 studies on 
two-stage chlorination for disinfection 
at Traverse City were accepted by the 
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municipal officials as strong indication 
that an effluent of favorable coliform 
density could be produced by similar 
methods employed by regular plant 
personnel. It was their objective to 
consistently produce an effluent as free 
from coliform organisms as possible, 
within the practicable limits of their 
resources, before discharge into the 
river. Because this river flows through 
the city and discharges into Grand 
Traverse Bay at a point close to public 
bathing beaches, they were hopeful of 
duplicating the 1949 results. 
Recognizing the significant reduction 
in coliform density observed in the 
previous season by increasing the pe- 
riod of contact for second-stage disin- 
fection, attempts were made to increase 
the time of contact in the contact tank. 
By the installation of baffles in this 
tank the contact time was increased 
about 50 per cent, thus assuring about 
8-min. contact for flows of 3 m.g.d. 


Survey Procedures 


Routine bacteriological analyses were 
begun on May 29 and continued 
through September 28. One sample 
daily, Monday through Saturday, was 
collected for the purpose at 3:00 pM, at 
which time both rate of sewage flow and 
chlorine requirements were considered 
to be at about maximum. Chlorine re- 
siduals were observed and recorded 
every hour of the day during the period 
for control purposes. The sample for 
bacteriological analysis was collected in 
a sterile bottle containing sodium thio- 
sulfate. Within a few minutes after 
collection the dechlorinated sample was 
planted in lactose broth in four dee- 
imal dilutions of three portions each. 
‘‘Standard Methods’’ (6) procedures 
for the confirmed test using brilliant- 
green bile were employed at all times. 


Comparisons with Results of 1949 
Studies 


Tests for coliform density were per- 
formed on 72 samples, the results of 
which are recorded in Table XI. The 
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TABLE X.—Magnitude of Chlorine Residual, 2:00 PM and 3:00 PM 
Samples, June 7-Sept. 28, 1950; Traverse City, Mich. 


Settling Tank Effluent 


Final Effluent! 


Residual 
Chlorine 
(p.p.m.) 


2:00 pm 


3:00 pm 


3:00 pm 


No. % of 0. 
Samples Total Samples 


% of 


No. 
Total Samples 


<0.05 27 37.5 16 
0.05-0.1 14 19.4 16 
0.15-0.35 16 22.3 23 
0.40-0.75 9 12.5 10 


1.0- 6 8.3 7 


4 
22.2 3 4.2 3 4.2 
32.0 14 19.4 7 9.7 
13.9 33 45.8 36 50.0 

22 


Total 72 100.0 72 


‘ Contact period 6 to 9 min. 


results of the observations for chlorine 
residual are shown in Table X, to- 
gether with the chlorine residual ob- 
served 1 hr. earlier to indicate the 
amount of chlorine present in the tanks 
prior to the time of sampling. 

Control of Chlorine Residuals.—The 
same manually-operated chlorinators 
and methods of adjustment thereof 
were used as during the survey of the 
previous year. Rates of sewage flow 
and chlorine dosage with respect to 
frequency and range of variation, time 
of occurrence, and general magnitude 
were very similar to those observed for 
the previous year. It is of particular 
interest to note that the step program 
of adjustment in rate for a chlorine 
feed machine proportioned to sewage 
flow was equally adaptable within the 


TABLE XI.—Range of Coliform Density 
in Final Effluent' 


Samples not Exceeding Coliform 
Coliform Density Density Specified. 
(MPN/100 ml.) 
No. % 
36 19 26.4 
100 31 43.1 
500 52 72.2 
1,000 57 79.2 
5,000 66 91.7 
10,000 69 95.8 
110,000 72 100.0 


1 Same samples as in Table X. 


same time intervals and settings to the 
1950 results. In both years the same 
requirement for additional chlorine 
was noted during the cherry canning 
season. Relatively the same number 
of adjustments of the chlorine feeding 
machine per day were made in both 
years with generally comparable re- 
sults. 

It is evident from the data in Table 
X that control of chlorine dosage to 
produce a residual in the settling tank 
effluent was reasonably effective. Gen- 
erally, the magnitude of the residual 
at this point was somewhat lower than 
in the previous year. As no residual 
at the 2:00 pm or 3:00 pm sampling 
period was higher than 1.0 p.p.m. and 
about one-half of these contained less 
than 0.15 p.p.m., it would appear that 
dosage rates of about 0.5 p.p.m. higher 
would have consistently produced re- 
siduals within reasonable limits. Data 
grouped as less than 0.05 p.p.m. in- 
clude several observations where no 
residuals were detected. The precise 
number of such observations is not 
known, because no differentiation be- 
tween a trace of chlorine and no re- 
sidual at all was made by plant operat- 
ing personnel who recorded these data. 
However, close examination of the dos- 
age rates ahead of the settling tanks 
and the additional dosage required to 
produce a residual in the final effluent 


955 
: 
% of 
| Total 
| 72 | 100 | 72 | 1000 
if 
A 


STANDARD DEVIATION 
-20- +107 


T 
4 


4 


YEAR 1950 +- 


(A1901(,4) 


| FOR) 


I949KSER 
| 


= 
° 
a 
> 
ra) 
> 
> 
° 
oO 
> 


+— 


oS! 2Z 5 10 20 40 50 60 80 90 95 98 99 998 5958 
(X) PROBABILITY (% OF NOT EXCEEDING (Y) 


FIGURE 12.—Comparison of coliform densities in final effluent, 1949 (Series I) vs. 1950, 
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indicates that in all cases very close to 
a residual in the settling tank effluent 
was probably produced. It would ap- 
pear that not more than 1 p.p.m. addi- 
tional would have been required to eon- 
sistently maintain a residual of some 
magnitude less than 2 p.p.m. in the 
settling tank effluent. 

In spite of failure to consistently 
maintain a chlorine residual in the first 
stage, all samples of the final effluent 
contained detectable residuals except 
when the chlorine supply was nearly 
depleted or completely exhausted. Only 
5 had less than 0.15 p.p.m. and none 
were higher than 1.0 p.p.m. This re- 
markable control exercised during all 
observations of both years with ordi- 
nary effort in routine operation prac- 
tice, on a sewage constantly changing 
in quantity and in its requirements for 
chlorine, indicates the marked superi- 
ority of two-stage chlorination as here 
employed for consistent maintenance 
of a residual in the final effluent, com- 
pared with single-stage methods cus- 
tomarily in use today. 

Coliform Density —The distribution 
of samples of the final effluent by level 
of coliform density is shown in Table 
XI. It is of interest to compare these 
data with those of Series I of the 1949 
survey to determine whether there was 
a_ statistically significant difference. 
Such a comparison is made in Figure 
12. From Table XI, 16 samples for 
coliform density, corresponding to the 
16 samples of settling tank effluent of 
Table X for which less than 0.05 p.p.m. 
of residual chlorine was recorded, are 
not included in this comparison. How- 
ever, inclusion of these samples would 
not have made any statistically signifi- 
cant difference. 

The coliform densities of the 56 sam- 
ples for 1950 are plotted in Figure 12 
by methods previously deseribed with 
respect to Figures 8, 9, 10, and 11. 
The line designated ‘‘1949 Series I’’ 
was transferred from Figure 8. 

The following observations may be 
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TABLE XII.-Comparison of Test 
Results for 1949 and 1950 


Range of Mean Density' 
by Per Cent of Time 


Yo. M 
Year Density! 

50% 90% 95% 
1949} 99 74 | 25-220) 5-1,100) 3-2,000 
1950) 56 185 | 66-500) 15-2,200) 9-3,700 


1 MPN per 100 ml. 


made from the distribution of these 
values: 


1. The distribution of the coliform 
densities is normal, as evidenced by 
their adaptability to straight-line plot- 
ting. 

2. The extent of change in quality 
during the survey for the two sets of 
data is very similar, for the lines are 
nearly parallel. 

3. The comparability of the magni- 
tude of coliform densities for the two 
sets of data is indicated by Table XII. 
It is apparent that the mean densities 
of the two sets of data and the shift in 
mean densities during the period were 
of the same general magnitude. No 
statistically significant difference in 
these data may be noted within limits 
of practical certainty. 


On the basis of the close similarity 
of these data for the two years, and 
since it was demonstrated in Figure 
10 that the levels of coliform density 
of settling tank effluent of samples in 
Series I (1949) were not statistically 
significantly different from samples of 
Series II of that year, it is reasonable 
to expect that the extremely low level 
of coliform density of the final effluent 
of Series II could have been dupli- 
eated by all 72 samples of the 1950 
survey if an equally long period of 
contact of the settling tank effluent 
with chlorine had been provided. 


Holland Studies—1950 


The Board of Public Works of Hol- 
land, Mich., upon learning of the meth- 
ods employed at Traverse City to pro- 


> 
| | 


958 


duce a sewage plant effluent of low coli- 
form density by two-stage chlorination, 
decided to try similar methods at the 
Holland municipal plant. Consistent 
production of an effluent as free as 
possible of coliform organisms within 
the practical limitations of the plant 
facilities was considered essential dur- 
ing the summer season, when the pub- 
lic waters receiving the plant effluent 
are used rather extensively for recrea- 
tional pursuits. It was decided that the 
single-stage post-chlorination method 
of disinfection as customarily practiced 
in the plant did not provide sufficiently 
close control to warrant its continuance 
if more effective methods could be used 
practically. 

The sewage, almost exelusively of 
domestic origin from 16,000 to 18,000 
people, was conducted to the sewage 
treatment plant largely by a separate 
sanitary sewer system. There, after 
flowing through a bar sereen, it was 
pumped to a battery of Imhoff tanks. 


Flow rates during the sampling pe- 
riods generally were within the range 


of 2.2 to 2.7 m.g.d. Theoretical deten- 
tion periods of 2.5 to 3 hr. were pro- 
vided by these tanks, although traces 
of dye were observed in the effluent 
within 11 min. after entering the tanks. 
The settling tank effluent discharged 
into a small chlorine mixing chamber 
having a detention period of less than 
1 min., thence into a long outfall sewer, 
submerged throughout most of its 
length by the lake into which it dis- 
charged. This sewer provided a con- 
tact period of about 50 min. 

Chlorine was applied to the raw sew- 
age prior to pumping and again to the 
Imhoff tank effluent, by a single solu- 
tion feed chlorinator with rate of feed 
proportioned to sewage pumpage rates. 
Flow to the two points was split and 
regulated manually by valve adjust- 
ment. 


Survey Methods 


A total of 43 samples for coliform 
density was collected over a period of 
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17 days at 10 am, 1 PM, and 3 pm from 
August 7-30 from the effluent of the 
Imhoff tanks. Corresponding samples 
were collected for chlorine residuals. 
During approximately these same pe- 
riods samples were collected also from 
the outfall sewer at a point approxi- 
mately 5-min. flow time after the chlo- 
rine was added to the settling tank 
effluent. Samples were obtained also 
from the outfall sewer at its point of 
discharge into the lake. It was not 
possible to collect samples of the final 
effluent between these points so the 
coliform density of the effluent after 
5-min. contact time could not be de- 
termined. All methods of collection 
and testing were conducted in a man- 
ner similar to-those employed during 
the Traverse City studies and in ac- 
cordance with the ‘‘Standard Meth- 
ods’’ (6) confirmed test. 

With 


Comparison Traverse 


Results 


For purposes of comparison the sam- 
ples should be separated into two 
groups. The first group, consisting 
of 25 samples, was collected on the 
first 10 days of the survey under nor- 
mal operating conditions. Thereafter, 
plant operations were seriously dis- 
rupted by slow dewatering of all of 
the contents of one of the Imhoff tanks 
into the other 3 tanks, thereby greatly 
inereasing the chlorine demand and the 
amount of suspended solids discharged 
from the Imhoff tanks. In spite of ef- 
forts to control chlorination during 
this period, only 3 of the 18 samples 
of Imhoff tank effluent collected dur- 
ing the last 7 days contained any de- 
teetable chlorine residual. All except 
5 of these 18 samples had coliform den- 
sities exceeding 140,000 M.P.N. per 100 
ml. It is significant that effluent chlo- 
rination reduced the coliform density, 
after a contact period of about 5 min., 
as follows: 6 samples to less than 100, 
11 under 1,000, and 16 under 5,000 
M.P.N. per 100 ml. 

Because the first group of 25 samples 
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TABLE XIII.—Comparison of Coliform Densities in Final Effluent, 
Two-Stage Chlorination, All Studies 


Minimum 
Contact 
Period 
(min.) 


Survey Year 


% of Samples not Exceeding 
Effluent Standards Specified! 


36 100 | 500 | 1,000 | 5,000 | 10,000 


Holland 

Traverse City 

Trav. City, Series I 
Trav. City, Series IT 


1950 5 
1950 | 8-10 
1949 | 5-7 
/ 1949 | 10-14 


MPN per 100 ml. 


was collected under normal conditions, 
their coliform densities are recorded 
in Table XIII, together with the re- 
sults of the two-year study at Traverse 
City. 

The distribution of the Holland sam- 
ples when plotted by methods discussed 
earlier in this paper demonstrates that, 
when compared with Traverse City 
samples having a minimum actual con- 
tact period of 5 to 10 min., the differ- 
ence in levels of coliform density is not 
statistically significant within limits of 
practical certainty. It is readily ap- 
parent from Table XIII that there is 
remarkably close correlation for the 
three sets of data. It is equally appar- 
ent that there was a substantial im- 
provement in effluent quality when the 
settling tank effluent was in contact 
with chlorine for a minimum of 10 to 
14 min. for all particles of flow. The 
amount of this difference increases 
sharply as the quality standard is in- 
Although it must be reeog- 
nized that relatively few samples from 
the Holland studies are available for 
comparison for these purposes, and cer- 
tainly far too few on which to base any 
definite conclusions, the close similarity 
of these data with those from Traverse 
City adds significance to the observa- 
tions previously discussed. 


creased. 


Summary of Observations and 
Conclusions 


From the studies reported herein the 
following observations and conclusions 
may be drawn: 


$3.3 | 


80.0 
72.2 
83.5 
98.5 


| 96.0! 96.0 
79.2 | 95.8 
90.7 | 96.3 | 97.2 
98.5 | 100.0 


12.0 
26.4 | 
444 | 


36.0 


1. Considering all factors, the proe- 
ess of two-stage chlorination is much 
more dependable than either pre-chlo- 
rination or post-chlorination alone, in 
the consistent production of a coliform 
density of any relatively low magni- 
tude. It is comparatively much more 
dependable for meeting effluent quality 
standards of extremely low order (such 
as 500 MPN per 100 mil. or lower). 
Its greatest advantage either 
single-stage process is the relative ease 
with which enduring chlorine residuals 
can be maintained in the effluent. 

2. In all of the tests conducted in all 
studies of two-stage disinfection it was 
indicated that coliform densities of 
500 MPN per 100 ml. could be pro- 
duced consistently about 80 per cent of 
the time with contact periods for post- 
chlorination of about 5 min., as meas- 
ured by minimum time of passage of 
dye. When this time was increased to 
at least 12 min. it appeared that this 
standard could be met about 98 per 
cent of the time. It was further indi- 
cated that a standard of 100 MPN per 
100 ml. could be met at least 90 per 
cent of the time and a standard of 36 
at least 80 per cent of the time. 

3. In all cases, chlorine residuals of 
varying magnitudes were always pres- 
ent in the final effluent, but sometimes 
lacking in the settling tank effluent. 
Control of chlorine dosage to consist- 
ently produce a residual in the final 
effluent, and virtually produce a re- 
sidual in the settling tank effluent, 
was accomplished with ordinary effort, 


over 
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| 72 | 43.1 
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when either manually-operated or au- 
tomatie rate-controlled chlorine feed- 
ing machines were used. Control was 
exercised by adjustments in dosage 
rates based on predicted hourly trends 
both in sewage flow and its chlorine 
demand and on observation of chlorine 
residuals at 14-hr. to 1-hr. intervals. 

4. Study of hourly patterns of sew- 
age flow and chlorine requirements at 
one plant indicated that the same three 
settings of an automatic rate-controlled 
chlorinator each day during the hours 
of 8 am to 4PM would consistently pro- 
duce a residual of 0.5 p.p.m. or more in 
the final effluent with two-stage chlo- 
rination, within practical limits of 
overdosage in small- to medium-sized 
plants. 

5. In all studies of two-stage chlo- 
rination generally not more than 4 ad- 
justments of the manually controlled 
chlorinator were required for the 8 
AM to 4 pM period to effectively con- 
trol chlorine residuals. 

6. Rate of chlorine dosage required 
to produce a residual in two-stage chlo- 
rination during the 8 am to 4 PM pe- 
riod at one plant generally varied from 
about 8 to 14 p.p.m., with night re- 
quirements usually about 5 p.p.m. 

7. Generally 2 to 3 p.p.m. of chlo- 
rine were required for post-chlorina- 
tion to satisfy the deficiency in the 
settling tank effluent so as to consist- 
ently produce a residual of some mag- 
nitude in the final effluent. At one 
plant a chlorine residual in the set- 
tling tank effluent from a trace to 2.0 
p.p.m. Was maintained about 83 per 
cent of the time and 0.15 p.p.m. or 
more about 50 per cent of the time. 
All corresponding samples of the eftlu- 
ent following two-stage chlorination 
contained a residual. 

8. The coliform density of the set- 
tling tank effluent with pre-chlorina- 
tion was substantially lowered as the 
concentration of residual chlorine in- 
creased within the limits of 0.05 to 1.0 
p.p.m. 
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9. The importance of time of con- 
tact of chlorine with the settling tank 
effluent was strikingly demonstrated by 
holding samples of the chlorinated 
effluent in a bottle for several minutes 
following an assured contact period of 
5 to 7 min. in a chlorine contact tank. 

10. Minimum contact time in a long, 
rectangular, virtually unbaffled chlo- 
rine contact tank at one plant, as 
measured by time of flow of dyes, was 
about 6 min. when the theoretical dis- 
placement time was about 12 to 14 min. 

11. The presumptive test for coli- 
form densities seldom yielded the same 
results as the confirmed test. The ex- 
tent of the difference in individual 
values followed no predictable pattern, 
sometimes being of the same general 
magnitude, but generally decreasing 
greatly with confirmation. It is dem- 
onstrated by statistical methods that 
for all samples of settling tank efflu- 
ent examined at one plant in 1949 the 
mean density was 650 MPN per 100 
ml. for confirmed values, compared 
with a presumptive mean density of 
6,000. It is further demonstrated as 
a practical certainty that the differ- 
ence may not be ascribed to chance. 
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AN INVESTIGATION OF THE ROTARY VACUUM 
FILTER CYCLE AS APPLIED TO SEWAGE 
SLUDGES * 


By H. HAurr 


Consulting Sanitary Engineer, 
Dallas, Tez. 


Use of the rotary vacuum filter as a 
means for removing the liquid from 
sewage sludges has steadily increased. 
By 1945, 92 municipal sewage treat- 
ment plants in this country had in- 
stalled mechanical processes, mostly 
vacuum filters, for dewatering sewage 
sludge (1). 

Continuous effort has been made 
both here and abroad to increase the 
efficiency of this process of dewatering 
sewage sludges. Experiments have 
been conducted by varying the chem- 
ical dosage, the speed of rotation, the 
type of filter cloth, the area of filter, 
the amount of vacuum, and other fae- 
tors. Full-scale plants do not lend 
themselves to experimentation, how- 
ever, because variation of one factor 
at a time cannot be assured. In addi- 
tion, predictions of operating results 
based on tests using present laboratory 
techniques have often proven errone- 
ous. 

The study reported here was under- 
taken with the objective of increasing 
the knowledge of the mechanism of the 
processes that take place in vacuum 
filtration of sewage sludges. An im- 
proved laboratory method, which would 
give results consistent with full-seale 
operating conditions, was a further ob- 
jective. 


History 


The author has revised, as follows, 
Genter’s (2) list of the faetors in 
* Abstracted from a dissertation submitted 
in partial fulfillment of the degree of Doctor 
of Engineering, The Johns Hopkins Univer 
sity, Baltimore, Md. 
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vacuum filtration which bear a math- 
ematical relationship to each other: 


1. Effective filter area. 

2. Filtration pressure (pressure dif- 
ference on two sides of the septum). 

3. Characteristics of solids (density, 
particle size, compressibility, ete.) 

4. Characteristics of liquid (density, 
viscosity, ete. ) 

5. Characteristies of filter septum. 

6. Time. 

7. Weight of dry solids. 

8. Weight of liquid. 


Dickey and Dryden (3) and Drew 
(4) have given a complete review of the 
filtration equations that have attempted 
to relate these variables. Two of the 
most common of these equations—that 
of Walker, Lewis, McAdams, and Gil- 
liland (5), and that of Ruth (6) were 
tested, using the data for sewage sludge 
filtration. Neither of the equations 
gave good correlations, but that of 
Ruth was better than that of Walker 
et al. However, neither of these equa- 
tions was based on data for a filtration 
process which included the drying ey- 
ele, as used in the rotary vacuum filtra- 
tion of sewage sludges. A search of the 
literature revealed no measurements of 
the rate of filtrate removal during the 
drying portion of this cycle. 

The only common factor between the 
majority of these equations was the 
acceptance of Poiseuille’s (7) and 
Darey’s (8) laws. Since Dryden’s re- 
view, Brownell and Katz (9) have sug- 
gested a new filtration hypothesis, in- 
dependent of these laws, but based on 
Reynolds’ number. In order to use 
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their method, three characteristics of 
the solid must be known—particle di- 
ameter, porosity, and sphericity. It is 
not possible to determine these con- 
stants for sewage sludges. 

It is apparent that a new hypothesis 
is necessary to correlate the data ob- 
tained for the filtration of sewage 
sludges. The approach followed by 
Terzaghi (10) in adapting Fourier’s 
method for the solution of heat con- 
duction problems to the consolidation 
of soils presented a possibility. This 
method, which has been thoroughly dis- 
eussed by Terzaghi (11) and Taylor 
(12), is essentially the approach that 
has been followed. The proposed hy- 
pothesis assumes that the driving force 
varies with time and distance. In this 
respect it is different from filtration 
equations previously developed. 


Hypothesis 


In order to use the consolidation the- 
ory to derive an equation which de- 
scribes the behavior of the cake on a 
vacuum filter, it was necessary to as- 
sume: 


1. A homogeneous slurry. 

2. Filtration conducted under con- 
stant pressure. 
3. Uni-directional flow. 
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4. Uni-directional 
tion. 

5. Saturation of the sludge during 
the process. 

6. Incompressible solids and liquids. 

7. A negligible quantity of gas. 

8. All solids retained on a cloth. 

9. Cloth and sludge considered to be 
an integral unit. 

10. Applicability of Darcy’s law; 
also permeability in Darcy’s law varies 
as first power of head loss. 

11. If any sludge is subjected to a 
constant pressure, the ratio 


sludge 


compac- 


weight of liquid in cake 
weight of dry solids 


will reach an equilibrium. 

12. The portion of the externally ap- 
plied pressure which is carried by the 
solids varies inversely as the ratio: 

weight of liquid in cake 
weight of dry solids 


(Figure 1). This is the same as assum- 
ing that Hooke’s law applies to the 
solids. 


By using these assumptions it can be 
shown, for a discrete batch of slurry, 
that the differential equation of the 
filtration process is 


initial weight of liquid/ weight of dry solids 
weight of liquid at any time/weight of dry solids. 
final weight of liquid/weight of dry solids. 


initial pressure in solids 


pressure in solids at any time 


final pressure in solids. 


PRESSURE 


im (r) 


FIGURE 1.—Variation of pressure in solids with liquid/solid ratio. 
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TABLE I.—Relation between Filtration 
and Time Factor' 
Accomplished Time 
0 0 
10 0.008 
20 0.031 
30 0.072 
10 0.126 
50 0.195 
60 0.287 
70 0.405 
80 0.565 
9 0.848 
95 1.127 


' Reference (13). 
2 Dimensionless. 
in which 
@ = a new term called “press” { equal 
to K p in Darey’s law with di- 


LM 
mensions Fy} when Darey’s law 


K p 
is expressed as v = Tdi 
4 
z = distance above bottom of filter; 
t = time; 
p = difference in pressure ; 


K = permeability in Darey’s law with 
dimensions L?; and 


c, = coefficient of filtration, further 
defined as 
CYL 
Cy = 7 (2) 
ps'a 


in which 

ce = constant of proportionality ; 
yu. = specific weight of liquid; 

u = viscosity of liquid; 


s’ = the weight of solids per unit of 
original volume; and 


a = coefficient of compressibility sim- 
ilar to Terzaghi’s. 
The coefficient of filtration is more 
easily evaluated by graphical methods, 
shown later, than by solving Eq. 2. 
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Integration of Eq. 1 gives 


& 
—(2n+1)2( = 
an+1)2( ) (3) 
(4) 
and, 
cyl ‘ 


in which 
7’ = a dimensionless time factor; 
Ly = the final thickness of the sludge 
cake; and 
accomplished filtration 
total filtration 


volume of filtrate removed 


volume of filtrate that ean 
be removed at L100 
per cent filtration. 


FIGURE 2.—Filter leaf apparatus. 
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FIGURE 3.—Schematic diagram of filter leaf apparatus. 


Ey. 5 represents theoretical relation- 
ship between time factor and filtration 
accomplished. The equation can be 
solved for the per cent of filtration ac- 
complished to obtain the time factors 
shown in Table I. 


Experimental Procedure 

The filter leaf apparatus (Figures 
2 and 3) was designed to simulate one 
revolution of the rotary vacuum filter 
(14) as closely as could be accomplished 
in the laboratory. The filter leaf con- 
sisted of three parts—a base containing 
a drain, a ring fitting on the base and 
to which was soldered a screen to sup- 
port the cloth, and a retaining ring to 
hold down the cloth. After the cloth 
had been attached, the filter leaf was 
inserted in a battery jar. The drain, 
which passed through the side of the 


jar, was connected through a valved 
line to a calibrated receiving tube. 
The pyrex jar had a hole in the bottom 
with a removable stopper so that the 
slurry could be drained away from the 
filter. 

The procedure for the experiment 
with sewage sludge was as follows: The 
sludge was mixed by shaking a large- 
mouth 5-gal. bottle back and forth 25 
times. (The large-mouth bottle was 
necessary in order to obtain representa- 
tive samples.) Samples were sized by 
weight and kept, along with the meas- 
ured amount of chemical, in the 20° C. 
constant-temperature room until im- 
mediately prior to filtration. The fer- 
rie chloride, which had been standard- 
ized as recommended by Van Kleeck 
(15), was measured volumetrically. 
The temperature of the sludge was 
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FIGURE 4.—Buchner funnel receiver 
(not to scale). 


maintained constant to within +0.1° C. 
of the desired value. When starting a 
test, the ferric chloride and the sludge 
were mixed for 1 min. in a 1-gal. Mason 
jar, by a slow rolling motion. The 
vacuum was then adjusted, by a bleed, 
to the desired amount. Next, an in- 
verted Imhoff cone was held over the 
filter leaf and the sludge was poured 
into the jar. After pouring, the Imhoff 
cone was withdrawn. The valve lead- 
ing to the receiver was opened and a 
stop watch was started simultaneously. 
The amount of filtrate entering the re- 
ceiver was read at specific time in- 
tervals. When it was desired to end 
the submergence of the filter, the plug 
was removed from the bottom of the 
sludge container, allowing excess sludge 
to escape. Readings of time versus the 
quantity of filtrate were continued 
without interruption until the vacuum 
broke. The vacuum was considered to 
have broken when the amount of vae- 
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uum had dropped 20 mm. of Hg. This 
point was not used in any calculations. 

After the vacuum had broken, the 
filter leaf was removed, and the thick- 
ness and moisture content of the cake 
were measured. The measured thick- 
ness was used only as a check against 
the computed thickness. The thickness 
of the cake was computed using the 
total weight and specific weights of the 
sludge and the water, and the area of 
the filter. 

Data to check the equation were also 
obtained with a Buchner funnel test, 
using a modified receiving tube (Fig- 
ure 4). The tube was provided with a 
tapered section so that the initial vol- 
ume could be measured accurately. 
Data from this apparatus should cor- 
respond closely to the mathematical 
case developed. 

The procedure for running the Buch- 
ner funnel test was the same as that 
customarily used. However, to check 
the equation used, different volumes of 
sludge were poured into the receiver 
instead of the usual one standard 
amount. 

To perform the experiments it was 
necessary to measure or control several 
factors. Values for each factor were 
selected as follows, except when they 
were chosen as the variable to be 
studied : 


1. Type of sludge. Experiments 
were run on well digested, raw, and 
activated sludges. Sludges were ob- 
tained from the Back River sewage 
treatment plant, Baltimore, Md. (16). 

2. Age of sludge. Digested sludge 
was stored at 20° C. and tested within 
10 days of collection. Raw sludge was 
tested in less than 6 hr. after collection. 
Return activated sludge was aerated 
for 1 hr., settled for 12 hr., the super- 
natant withdrawn, and the sludge 
aerated for 2.5 hr. before filtration. 

3. Bicarbonate alkalinity. The alka- 
linity as received was comparable with 
that generally encountered in practice. 

4. Solids coneentration. The solids 
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concentration of the digested sludge 
was 4 to 7 per cent as obtained from the 
treatment plant. The activated sludge 
as obtained from the plant was very 
light. It was settled to obtain a sludge 
of 0.89 per cent solids. The raw sludge 
was filtered at 3.9 per cent solids. 

5. Type of coagulant. Ferrie chlo- 
ride was used for sludge conditioning. 

6. Amount of coagulant. Whenever 
the chemical dosage was held constant, 
an amount was used that was repre- 
sentative of actual practice. 

7. Filter aids. No filter aids were 
used. 

8. Dissolved gases. The sludge was 
stirred after the coagulant was added, 
to eliminate, insofar as possible, all 
excess gas. 

9. Mixing time. In accordance with 
common practice, a mixing time of 1 
min. was selected. 

10. Filter area. It is desirable to use 
a laboratory apparatus large enough 
that results can be applied to a full- 
scale plant without error. The area of 
the filter selected was close to the larg- 
est that could be used and still trans- 
port a reasonable amount of sludge. 
One disadvantage of a large area is the 
inereased probability that the filter 
cloth might contain a defect. In these 
experiments a new cloth was used for 
each run. A diameter of 78 mm. (equal 
to an area of 0.0515 sq. ft.) was selected 
as a good compromise of the factors 
mentioned. 

11. Underdrainage system. The un- 
derdrainage system was designed to 
provide a minimum loss of head. The 
screen was selected so that the cloth 
would provide all of the initial re- 
sistance. 

12. Filter cloth. There are a great 
many variables, such as weave, nap, 
material, weight, and permeability of 
filter cloths, which need investigation. 
With present knowledge, it can only 
be said that the filtration constants ob- 
tained are a function of the cloth char- 
acteristics. For these tests a long nap, 
twill-weave wool cloth was selected. 
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TABLE II.—Effect of Vacuum on Yield 
of Elutriated Digested Sludge 


Vacuum 


Exp. No. (Ib. /sq. in.) 


Yield 
(lb. /sq. ft. /hr.) 


6.8 3.1 
6.4 3.2 
6.3 
6.6 
6.2 
6.5 
6.7 


13. Method of fastening cloth. The 
cloth was fastened on top of the screen 
by a ring, which was screwed to the 
base. 

14. Amount of vacuum. Young (17) 
showed that for compressible sludges 
an increase in vacuum might cause 
either an increase or decrease in vield, 
depending on the type of sludge and 
the thickness of cake. Results of pre- 
liminary testing (Table IT) indicated 
that for the over-all process the effect 
of vacuum was not large for condi- 
tioned sewage sludge. The yield per 
hour was practically constant for pres- 
sures greater than 7.5 lb. per sq. in. 

Increased flow due to greater vacuum 
was probably offset by the reduction 
in flow due to diminished pore diam- 
eter, thus producing the result shown. 
Initially, a high vacuum of near 720 
mm. Hg was adopted because it was 
convenient to use the vacuum pump at 
this level. It was found that on long 
filtrations this introduced an error, due 
to the escape of water vapor into the 
vacuum line. Later work was done at 
a vacuum near 500 mm. Hg. 

15.:Time of submergence. <A _ time 
of submergence of 1 min. was used be- 
cause it gave filter yields close to those 
obtained in actual practice. 

16. Time of drying. In these ex- 
periments the cake was allowed to dry 
until the vacuum broke. This time 
has no analogy in full-scale filtration. 
Once these data have been taken filter 
yields may be computed using any de- 
sired length of time for drying the 
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TABLE III.—-Effect of Direction of Filtration on Yield 


Time for Filtrate 
Dry Solids | Cake Moisture ield 
Exp. No. Liquid Moving oO Vacuum Volume hs 
14.4 | Hor. 7.5 81.0 4'30” 250 4.3 
145 | Up 7.3 81.7 4’ 7 4.7 
14.6 Down 9.6 80.9 5'40"" 252 4.4 


sludge. Also, the coefficient of filtra- blow was applied for 10sec., or roughly 
tion, cy, may be obtained more accu- that used in actual practice. In fu- 
rately when the latter portion of the ture experiments this could be short- 
time vs. volume of filtrate data is avail- ened or the blow eliminated, as it may 
able. introduce an error by removing the 

17. Time of pressure for blow. The liquid from the filter cake. 
18. Amount of pressure for blow. 
TH The pressure available was used (ap- 

rH proximately 50 Ib. per sq. in.). 
ze 19. Direction of filtration. The prin- 
= =apt cipal flow direction of the filtrate in a 
a HH full-seale filter during submergence is 
jos iva upward. An experiment was _per- 
Sunes 2655 formed to find the magnitude of the 
effect of direction of filtration. 

fi From the results (Table IIT) it can 
us seantsanse saan be seen that, with the long nap, twill- 
weave wool cloth, no great difference 
in the yields will be obtained that are 
due to direction of filtration alone. 
This may be a function of the cloth and 
t this test was not made with other cloths. 
The results show that filtration down- 
HH ward deposited 28 per cent more solids 

| 


3 


than filtration upward. In interpret- 
ing all results, the amount of sludge 
actually deposited was used ; therefore, 
the effect of this difference was taken 
into account. 

Because the direction of filtration 
| was not a major factor and because the 
SEESTE 77] equipment could be made to work much 
| more satisfactorily when filtering down- 

seus | ward, this direction was selected. 
20. Velocity of vacuum application. 
~tiibiss| Tn these experiments the full vacuum 
was always applied immediately. 


_ VOLUME. OF: FILTRATE (ML) 


21. Temperature. The temperature 
was held at 20° +0.1° C. 

22. Batch dosing or continuous dos- 
FIGURE 5.—Determination of initial | ing. The apparatus as described is 

volume of filtrate; Exp. No. 9.1. batch dosed; however, the operation 
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ROTARY VACUUM FILTER CYCLE 


FIGURE 6.—Determination of final volume of filtrate; Exp. No. 9.11. 


simulated one cycle of a continuously 
dosed rotary vacuum filter. 


Interpretation of Data 


The coefficient of filtration, cy, can be 
determined by applying the data from 
a filtration experiment, as described in 


the foregoing, by any curve-fitting 
method which corresponds to the the- 
oretical equations of the proposed hy- 
pothesis. Once cy is known, Eq. 5 or 
the values of Table I can be utilized to 
describe the course of filtration. 

The following method may be uti- 
lized to find the coefficient of filtration. 
The initial volume of filtrate, V;, and 
the final volume of filtrate, V,, are de- 
termined graphically. These volumes 


do not always coincide with the volume 
of filtrate as measured. 

The initial volume of filtrate is easily 
determined, because the first section of 
the theoretical curve is a first-order 
parabola. Plot square root of time vs. 
volume of filtrate on rectangular co- 
ordinate paper (Figure 5). Extend 
the portion of this curve which fits the 
data as a straight line to the axis, t = 0. 
The initial volume of filtrate, V;, is 
taken as the volume of filtrate read at 
this intersection. 

The final volume of filtrate at 100 
per cent filtration, V,, is determined by 
the method of Naylor and Doran (18). 
The volume of filtrate at 100 per cent 
filtration is estimated as the final vol- 
ume of filtrate from the data. Using 
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FIGURE 7.—Comparison of observed data with filtration equation; Exp. No. 9.11. 


this value and the volume of filtrate vs. 
time data, the volume of filtrate re- 
maining, V;—V, is plotted on log- 
arithmie scale against time on the arith- 
metie scale (semi-logarithmie paper, 
Figure 6). If the estimated value of 
V, is incorrect, the line will be curved. 
The line is straightened by graphically 
applying a correction to the estimated 
final volume of filtrate, V;. In plotting 
the data in this manner, the portion of 
the data which is under 40 per cent 
filtration shows as a sharp curve away 
from the rest of the data in a short 
space at the beginning of the plot. 
This portion of the data should be 
neglected when changing Vy, in order 
to straighten the line. The final volume 
of filtrate, V;, is obtained by correcting 
the actual final volume of filtrate by an 
amount necessary to straighten the plot 


of the volume of filtrate remaining vs. 
time. 

The total volume of filtrate is ob- 
tained by taking the difference between 
the initial volume of filtrate, Vj, and 
the final volume of filtrate, V,; The 
per cent filtration accomplished at any 
time can be computed by dividing the 
volume of filtrate at that time by the 
total volume. Each observed volume of 
filtrate is converted to per cent filtra- 
tion. A graph (Figure 7) with both 
volume of filtrate and per cent of filtra- 
tion plotted against time is a convenient 
way to show the data. 

The coefficient of filtration is com- 
puted by substituting a rearranged 
form of Eq. 6: 


= . .(6a) 
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Illustrative Example 


There follows an example of the com- 
putation of the coefficient of filtration 
by the method just described. Given 
the following data: 


9.11 

Baltimore dig. elut. 
634 p.p.m. 

1.03 

1.73 

6.76% 

6.43°% 

40.1 ml. 

12.3 gm. 

47.8 sq. em. 


Experiment No. 

Source of sludge 
Bicarbonate alkalinity 
Specific gravity of sludge 
Specific gravity of solids 
Solids, as filtered 

Ferric chloride, dry basis 
Liquid remaining in cake 
Weight of sludge in cake 
Area of filter 


Volume of 
Filtrate 


Computed 


The initial volume of filtrate was de- 
termined (Figure 5) as— 15 ml. The 
corrected value of the final volume of 
filtrate was determined (Figure 6) as 
168 ml. This is 5 ml. more than had 
been removed when the vacuum broke 
(163 ml. from given data). At this 
time there was 40.1 ml. in cake (from 
data), therefore this 5 ml. would have 
come out of the cake had the process 
gone to completion and there would 
have been (40.1 — 5) = 35.1 ml. in the 
cake at its final thickness. 

The total hypothetical volume = 168 
— (—15) = 183 ml. The last column 
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in the given data represents per cent 
filtration for each volume of filtrate 
computed as follows (for 20 ml. of 
filtrate) : 


20 + 15 


i338. = 19.1 per cent filtration 


Each 10 per cent filtration is plotted 
18.3 ml. apart, starting at 0 per cent 
filtration equal —15 ml. (Figure 7). 
After the extra scale has been placed 
alongside the volume of filtrate scale, 
the time for 50 per cent filtration is 
read from the curve. 

The final thickness of cake is com- 
puted as follows: 


Final thickness of liquid 


101-50 
Final thickness of solids 
~ 47.8 X 1.73 


Final thickness of cake 


0.151 em. 


= 0.885 cm. 


Compute c; from Eq. ba: 


0.195 0.885° 
=" 1.2 
= 0.127 sq. em./min. 


where 7 is the value of time factor at 
the arbitrarily chosen value of 50 per 
cent filtration (from Table I), t is the 
value of time at 50 per cent filtration 
(from Figure 7), and Ly is the final 
thickness, as computed above. Com- 
pute the ratio: 


final weight of liquid _ 

final weight of solids — 

35.1 X 1.0 


= 2.87 


For a graphical check of the hy- 
pothesis against the data, the actual 
value of time at 50 per cent filtration 
is divided by the value of time factor 
at 50 per cent filtration (0.195). The 
selection of 50 per cent was arbitrary 
and any other proportion could have 


} 
| 
Time | 
10 =| 20 19.1 
20 33 26.2 
30 | 45 32.8 | 
| 50 | 61 415 
0 68 45.4 
20 | 52.5 
40 92 58.5 
2 | | 100 62.8 
|} 2 | 109 67.8 
3 | 0 | 123 755 
/ 30 | 131 79.8 
4 | | 138 $3.5 
5 | O | M75 88.8 | 
155 | 92.9 
7 | | | 
‘Vacuum broke. 
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been used. Each other value of time 
factor in Table I is then multiplied by 
the constant thus obtained and the 
values (constant X time factor) are 
plotted opposite the corresponding per 
cent filtration. The curves should co- 
incide if the hypothesis agrees with the 
data. 

One additional set of data must be 
determined to project the results to a 
full-scale filtration. The weight of 
sludge that will be picked up by the 
filter in any time must be determined 
by experiment. These data on loading 
vs. time of submergence can be ob- 
tained from the filter leaf apparatus, 
but cannot be obtained from the Buch- 
ner funnel test. 


Results 


Three different methods were used to 
confirm the hypothesis developed. (a) 
The theoretical values of filtration vs. 
time factor (Table I) were plotted 
against the data (volume of filtrate vs. 
time) and the coincidence noted. (b) 
The sludge was subjected to a constant 
pressure and at the end of the process 
weight of liquid 
weight of solids 
for constancy (3). The thickness of 
the cake was varied and the constancy 
of c, in Eq. 6 was checked. 

Figure 7 is illustrative of the method 
of checking actual volume of filtrate 
us. time against theoretical values of 
filtration accomplished vs. time factor. 
The method of adding the theoretical 
values to the graph was described in 
the previous section. Figure 7 is typ- 
ical of the curves illustrating this 
agreement. For purposes of brevity, 
no further graphs are ineluded. The 
disagreement where solids concentra- 
tion in the feed is the variable is il- 
lustrated later. 

The Buchner funnel test was of pri- 
mary interest because it most nearly 
corresponded to the theoretical case 
developed. An experiment was per- 
formed in which the rate of filtrate re- 
moved from five different thicknesses 


the ratio 


was checked 
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of sludge was determined. For all of 
these data, curves similar to Figure 7 
were drawn and the equation deseribed 
the data consistently. 

The final moisture content of the 
cake was computed by the methods 
previously described (Figure 6). Us- 


ing this final weight of liquid, the ratio 


final weight of liquid _ 
weight of dry solids 


was computed, as shown under the 
heading ‘‘ Illustrative Example’’ in the 
section ‘‘Interpretation of Data,’’ for 
five different thicknesses of digested 
sludge cake which had been dewatered 
in the Buchner funnel. The mean 
value of G was 3.14, with a standard 
deviation of 0.19. 

The third method of checking the 
proposed hypothesis was the constancy 
of cy in Eq. 6. All other factors in 
this equation are known or can be com- 
puted. This constant for five different 
thicknesses of digested sludge cake was 
0.0336 sq. em. per min. with a standard 
deviation of 0.00028 sq. em. per min. 

Experiments with a different di- 
gested sludge were performed with the 
filter leaf apparatus. Ten different 
thicknesses of sludge were obtained by 
varying the time of submergence. 
Graphs similar to Figure 7 were plotted 
and showed good coincidence between 
actual and theoretical values. The 
arithmetic mean value of G was com- 
puted to be 3.14 and the standard 
deviation 0.11. The arithmetic mean 
value of c, was 0.153 sq. em. per min. 
with a standard deviation of 0.016 sq. 
em, per min. for 10 thicknesses of cake. 

One test was run using the filter leaf 
apparatus and the same digested sludge 
as was used to obtain constants with the 
Buchner funnel test. The value of G 
for the filter leaf test was 4.2, as com- 
pared to 3.1 for the Buchner funnel 
test. The value of c; for the filter leaf 
test was 0.055 sq. cm. per min., com- 
pared to 0.034 sq. em. per min. for the 
Buchner funnel test. These answers 
are significantly different. 
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FIGURE 8.—Effect of solids concentration on filtration; Exp. No. 12 
(Buchner funnel test). 


The filter leaf and Buchner funnel 
differ in four respects—(a) The liquid 
removed from the slurry in the Buch- 
ner funnel must have been associated 
with the solids applied to the funnel, 
whereas liquid removed by the filter 
leaf apparatus may have come from 
solids which drained away when the 
plug was removed; (b) the wire sup- 
porting the cloth on the filter leaf as- 
sures that cloth is the initial resistance, 


whereas on the Buchner funnel the 
small holes in the poreclain base may 
alter the cloth resistance; (c) the cake 
is drawn down tightly around the edges 
of the filter leaf and thus the air must 
break through the cake, whereas on the 
smooth-sided Buchner funnel the cake 
usually cracks at the edge; and (d) 
weight of solids deposited on the filter 
leaf adjusts itself to existing condi- 
tions, whereas the solids deposited on 
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the Buchner funnel are equal to those 
applied. 

More study would be necessary to 
establish which of these differences 
caused the difference in the constants 
obtained, but ignorance on this point 
does not negate the facts established by 
these experiments; namely, that the hy- 
pothesis holds for both types of ap- 
paratus, 

Another difference in the results ob- 
tained by the two types of apparatus 
was in the weight of sludge, measured 
and computed. The weight of sludge 
was computed by applying the total 
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volume of filtrate times the per cent 
solids as applied to the filter. Whereas 
the measured and computed sludge 
weights must, of necessity, check closely 
on the Buehner funnel test, it was 
noted in the filter leaf test that the 
computed weight of sludge was con- 
sistently greater than that actually 
found on the filter leaf. The small 
amount of sludge on the sides of the 
filter leaf did not account for this dif- 
ference. This meant that some liquid 
was being drawn from the sludge which 
was not dewatered sufficiently to stick 
to the filter leaf. The amount by which 


Lili 


FIGURE 9.—Effect of solids concentration on filtration; Exp. No. 14 
(filter leaf apparatus). 
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FIGURE 10.—Filtration of raw sludge, 3.8 per cent solids; Exp. No. 15.3. 


the weight of sludge was greater than 
the weight of sludge measured was di- 
rectly proportional to the time of sub- 
mergence. Other factors affecting this 
difference in weight were not studied. 
This concentration of sludge in the 
filter tank has been noted in actual 
practice. Had continuous operation 
been possible, an equilibrium might 
have been reached where the measured 
and computed sludge weights would 
have checked. 

Joseph (19) used the filter leaf ap- 
paratus to test different cloths with the 
same digested sludge. Varying the 
cloth gave different values of G and 


cy, thus indicating that the cloth is an 
integral part of the sludge filtration 
process. 

Figure 8 shows the effect of varying 
the solids concentration in the feed 
when using the Buchner funnel test. 
The solids concentration was varied by 
coagulating the sludge and then dilut- 
ing with different amounts of distilled 
water. As this changes the character- 
istics of the slurry, the results can only 
be interpreted in a general manner. 
Good agreement between the equation 
and the data was noted. 

The final volume of filtrate could not 
be computed for digested sludges of 3.3 


; Vol. 24, No. 8 ee 975 
45” 
HI HH TIME TE 


976 SEWAGE AND INDUSTRIAL WASTES August, 1952 


per cent solids or less, because the vac- not be determined from the Buchner 
uum broke before 100 per cent filtra- funnel test. 

tion was reached. Thus, @ or cy for Figure 9 shows the effect of changing 
slurries of 3.3 per cent or less could the solids concentration in the feed 
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FIGURE 11.—Filtration of activated sludge, 0.88 per cent solids; Exp. No. 16. 
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when using the filter leaf apparatus. 
Comparison of the curves with the pro- 
posed equations shows good agreement 
where the solids were 4.8 per cent; cor- 
relation was poor below this value. 
Where deviations occurred the volume 
of filtrate removed was always greater 
than that predicted by the equation. 

The explanation of this discrepancy 
may be the same as the explanation 
given for the difference between the 
measured and computed weights of 
solids. Some liquid is drawn from the 
sludge not retained on the filter. This 
water is probably being drawn into the 
filter in all cases, but above approx- 
imately 5 per cent solids it ean be 
neglected. 

For both kinds of apparatus, then, 
there was a minimum load which must 
be applied in order that the proposed 
hypothesis would apply. This was ap- 
proximately 5 per cent solids, or a con- 
centration lower than that encountered 
in actual operation for digested and 
raw sludges. Activated sludge is usu- 
ally filtered at a lower solids concen- 
tration and although the equation will 
not give close correlation with this 
sludge, some of the principles are be- 
lieved to apply. 

Figure 10 shows the results of a test 
on well-coagulated raw sludge of 3.8 
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per cent solids. Again, the divergence 
from fit is noted, which confirms the 
finding that below approximately 5 per 
cent solids the equations do not con- 
form. 

Figure 11 shows the results of an 
experiment with activated sludge at 
0.88 per cent solids. The thickness was 
varied by changing the time of sub- 
mergence. This sludge was very dif- 
ficult to filter and would not have 
filtered satisfactorily in commercial 
practice. The curves show the same 
divergence from fit as others at low 
solids concentrations. 

The results of these experiments in- 
dicate that (a) each individual test will 
follow the hypotheses as developed, 
provided the solids in the slurry are 
above a minimum of approximately 5 
per cent; (b) under a constant pres- 
sure, the ratio 


weight of wet cake 
weight of dry solids 


9 Ty 


reaches a constant if time is infinite; 
and (c) Eq. 6 holds for digested sew- 
age sludge. Thus, the hypothesis was 
consistent with laboratory results. 


Application 


The equation developed (Eq. 5) can 
be used to solve operating or design 


TABLE IV.—Yield from Different Final Cake Thicknesses, Digested Sludge 


Sludge Yield 
Water Cake Water Cake 
c.c. /sq. c. /sq. 
Wt. ./sq. . 
(g. (c.0. em.) (em.) em.) (cm.) 
| @ (3) (4) (s) (6) (7) (8) (9) 
0.15 0.071 0.60 0.671 0.471 0.542 1.6 0.094 11.6 
0.20 0.095 0.80 0.895 0.628 0.723 2.8 0.071 8.7 
0.25 0.119 1.00 1.12 0.785 0.904 4.3 0.058 7.1 
0.30 0.143 1.20 1.34 0.940 1.08 6.2 0.048 5.9 
0.35 0.167 1.40 1.57 1.10 1.27 8.5 0.041 '5.0 
0.45 0.214 1.80 2.01 1.41 1.62 13.9 0.032 °3.9 
0.60 0.286 2.40 2.69 1.88 2.17 25.0 0.024 [3.0 


' Volume per unit area, or thickness in cm. 
2 At 80 per cent moisture. 

3 At 100 per cent filtration. 

* To reach 80 per cent moisture. 
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FIGURE 12.—Filter 


problems after the constants have been 
determined from laboratory tests. Some 
operating variables, such as (a) leakage 
in suction system, (b) uneven distribu- 
tion of inflowing sludge, (c) cake scour- 
ing and sloughing, and (d) uneven cake 
formation, may alter the results of in- 
dividual runs, but the principles should 
permit predictions by which better 
operation can be achieved. 

For example, consider the problem: 
‘““What is the relationship between 
yield and cake thickness when operat- 
ing the filter to obtain a cake of con- 
stant moisture content?’’ To solve 
this problem, the following data from 
an experiment on digested sludge are 
used : 


~++ ++ 44 t+ 

im TT 


yield vs. cake thickness; digested sludge of Exp. No. 8. 


+ 


Experiment No. 8 

Source of sludge Baltimore dig. elut. 
Bicarbonate alkalinity 354 p.p.m. 

Specifie gravity of sludge 

Specific gravity of solids 

Solids as filtered 

Ferric chloride, dry basis 

cf 0.158 sq. cm. /sec. 
G 3.14 
Computation of the yields is shown 
in Table IV and the results are plotted 
in Figure 12. In this problem the total 
length of eycle (submergence and dry- 
ing) is not fixed, and the length of the 
time of revolution is determined by as- 
suming a weight of slurry and comput- 
ing the time to bring this slurry to 
constant moisture content. Cake with 
80 per cent moisture was chosen, but 
any other percentage would give paral- 
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lel results. This is illustrated by data 
from experiments by Young (20) on 
the effect of cake thickness on yield, 
also plotted on Figure 12. 


Method of Computation 
Col. 1.—Arbitrarily selected to give results 
comparable with actual practice. 
Col. 2.—Weight of sludge in Col. 1 divided 
by specific weight of solids (= 2.1). 
Col. 3.—Weight of sludge 
per cent moisture selected 
x ; 
100 — per cent moisture selected 
80 
Col. 1 X 20° 
Col. 4.—Volume of solid per unit area plus 
volume of water per unit area; Col. 2 plus Col. 
3 


Col. 5.—Weight of solids 
final weight of liquid 
final weight of solids’ 
as determined by experiments on this sludge; 
Col. 1 X 3.14. 
Col. 6.—Final volume of solid per unit area 
plus final volume of liquid per unit area; Col. 
2 plus Col. 5. 
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Col. 7.—By solving the equation: 


T is found by first solving for 

M, 
My 


in which F is the filtration accomplished; M, is 
the initial moisture content on a weight basis; 
M, is the final moisture content on a weight 
basis; M, is the moisture content on a weight 
basis at time, f; s; is the initial solids content on 
a weight basis; s, is the final solids content on a 
weight basis; and s, is the solids content on a 
weight basis at any time, ¢. 

The moisture and solids contents originally ap- 
plied to the filter are assumed to be the same as 
those tested in an experiment with this sludge 
(= 92.6 per cent and 7.4 per cent, respectively). 
The moisture and solid contents to be obtained 
are assumed to be 80 per cent and 20 per cent, 
respectively (Col. 3). The final moisture and 
solid contents are found from the value of G 
(3.14 from the experiment) by the following 
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FIGURE 13.—Theoretical per cent filtration completed vs. time factor (from Table I). 
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equation: 

100 
G+1 
3.14 + 1 
M, = 100 — 24.2 = 75.8 per cent 


Substituting in Eq. 7, 


= (8) 


= 24.2 per cent 


= 


80 

20 
75.8 
24.2 
The filtration process completed will be the 
same for all sludges because they are all re- 
duced to the same moisture content. The 
value of 7’ corresponding to F = 0.9 can be 
read from Table I or from the same values 
plotted in Figure 13 (= 0.85). 
The values of Ly are given in Col. 6; cy is known 
from an experiment (= 0.158). Solving Eq. 
0.85 
—— = §.3 Lf? = 5.3 (Col. 6)*. 

Col. 8.—Assume no dormant space on the 
filter. Then the time of revolution will be 
equal to Col. 7 and yield = Col. 1 + Col. 7. 

Col. 9.—Col. 8 K 123. 


= 0.9 


6b, ¢ = 


It may be concluded that the min- 
imum cake thickness will give the max- 
imum yield per hour. Cake thickness 
is limited by practical considerations. 
The cake must be at least as thick as 
the wire winding over the cloth or it 
will not discharge properly. Cakes 
that are too thin may be a contributing 
cause to cloth blinding and also may 
allow air to be pulled through too soon, 
thus reducing the vacuum. 


Another problem of interest is: 
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‘*What is the relationship between 
vield and moisture content for a fixed 
time of revolution and fixed chemical 
dose when the time of submergence is 
varied ?”’ 

The solution of this problem shows 
whether or not the yield can be im- 
proved by increasing the speed of the 
filter while still producing a eake of 
the same moisture content. The chem- 
ical dosage, the moisture content of 
the slurry, and the time of revolution 
are assumed to remain constant. The 
problem is solved for three different 
times of revolution, but computations 
are shown for the 5-min. cycle only. 

The problem was solved by assuming 
several times of submergence (Table 
V). The data from the preceding prob- 
lem were used, the data necessary to 
plot Figure 14 being used to establish 
the load on the filter. The experi- 
mental data were obtained from a filter 
leaf test, as previously described. Once 
the load has been established, it is a 
matter of routine computation to de- 
termine the moisture contents and 
vields for different filter cycles. 


Method of Computation 

Col. 1.—Assumed values to cover the range 
used in practice. 

Col. 2.—Weight of sludge corresponding to 
times of submergence in Col. 1 (from Figure 14). 

Col. 3.—Weight of sludge divided by specific 
weight = Col. 2 + 2.1. 

f liqui 

Cel. Weight of x 

weight of solids 


TABLE V.—Computation of Yield for Varying Times of Submergence, 5-Min. Cycle 


| 


Sludge 

Submer- Water 
gence 
Time ol. (c.c. /sq. 
min ./sq. em. 


(4 
0.628 
0.722 
0.816 
0.879 
1.00 
1.10 


0.138 
0.152 
0.167 


Yield 


Time 
Factor (g./sq. (Ib. /sq. 
em./min.) | ft./hr.) 


(10) 
4.9 
5.7 
6.4 
6.9 
7.9 
8.6 


‘ Volume per unit area, or thickness in em. 


> At 100 per cent filtration. 


¥ 

: 

: 

| 

Cake | | | 

Thick- 

0.25 0.20 0.095 0.72: 
0.50 0.23 0 1.51 95+ 

0.75 110 0.832 76 0.040 

pe 75 0.26 0.124 : 1.14 95 78 0.046 

10 | 98 0.940 046 

0 0.28 89 | 91 80 | 0.052 

1.5 0.32 7 76 «(| 88 

2.0 | 0.35 .60 82 83 0.064 

= 1.27 49 75 
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FIGURE 14.—Effect of time of submergence on filter load; Exp. No. 8. 


G = 3.14, as determined by filter leaf test on 
this sludge; Col. 2 « 3.14. 

Col. 5.—Sum of Col. 3 and Col. 4. 

Col. 6.—Solve Eq. 6, with cy = 0.158 (from 
filter leaf test); t = time of cycle neglecting 
time lost in dead space on the filter, chosen as 
5 min.; and Ly = value given in Col. 5. 

Col. 7.—Read from Figure 13 for correspond- 
ing time factors of Col. 6. 


A 
Col. 8.—Solve Eq. 7 for a 
t 


The final moisture content was found by solving 
Eq. 8, as shown in the previous problem; My = 
75.8 per cent. 

Thus, the final moisture content, also the mini- 
mum which can be obtained with this sludge 
under the conditions of Experiment 8, is 75.8 
per cent. The value of F is given in Col. 7. 
For example, using the second line and sub- 

92.6 M, 


7.4 
92.6 75.8 St 


7.4 24.2 
M,+s, = 1. Solving, 


stituting in Eq. 7, 95 = 


= 3.6. Also, 
78 per cent. 

Therefore, the final moisture content of the 
cake (second line) will be 78 per cent as it 
eomes off the filter. Where per cent filtration 


M, = 


is greater than 95, the moisture content is 
assumed to have reached the minimum or final 
moisture content. 


Col. 9.—Col. 2 + 5 min., the time of the 
cycle. 
Col. 10.—Col. 9 123. 


The following conclusions may be 
drawn from the results of these com- 
putations, as shown in Figure 15: 

1. If the minimum moisture content 
is to be maintained, little increased 
yield of dry solids per hour may be 
gained by shortening the time of cycle, 
because the minimum practical time of 
submergence will soon be reached. For 
example, to maintain 75.8 per cent 
moisture with a 5-min. cycle, the time 
of submergence would be 15 see., an 
impractical time. 

2. Yield may be increased by in- 
creasing the time of submergence, but 
the moisture content of the cake will 
be increased. 
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FIGURE 15.—Variation of yield and moisture content with changing time of submergence 
and time of rotation; sludge of Exp. No. 8. 


3. The optimum yield of the driest 
cake may be obtained with a 6- to 7- 
min. cycle and a time of submergence 
of approximately 1 min. 


Conclusions 


The volume of liquid removed from 
sewage sludge in the vacuum filtration 
process follows a definite pattern. If 
the filtration process is considered as 
being one involving the removal of 
liquid from an initial volume of mixed 
solid and liquid under constant vae- 
uum, the volume of solid will remain 
constant, while the volume of liquid is 
gradually reduced until equilibrium is 
reached. Data from tests which ap- 


proximated this type of filtration were 
compared with an equation of the heat 
conduction type developed by Fourier. 
The integrated form of this equation is: 


j=n 
F=1- 3 (5) 
imo 
in which 
F = the amount of liquid removed at 


any time divided by the amount 
that will be removed during the 
entire process; 

T = a dimensionless number, which is 
a function of time, final thickness 
of cake, and a new coefficient of 
filtration (cy). For any filtration 
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the final thickness of cake and the 
filtration constant are fixed, thus 
T =a constant X actual time; 
and 


j = a function of the positive integers. 


The relationship between F and 7 has 
been determined by solving Eq. 5, thus 
the time vs. volume of filtrate relation- 
ship has been established. 

This relationship gave good ecorrela- 
tion with the data from a modified 
Buchner funnel test and from a new 
filter leaf test. Results indicate that 
the equation fits the data for sludges 
having a moisture content greater than 
5 per cent. More study is needed on 
the volume of filtrate vs. time relation- 
ship as the solids concentration in the 
slurry is varied. 

Examination of the relationship be- 
tween F and T in Eq. 5 indicates that, 
during the early portion of the filtra- 
tion cycle, the volume of filtrate varies 
directly with the square root of time. 
During the latter portion of the eycle, 
the volume of filtrate removed is a 
function of the amount of liquid re- 
maining in the cake. 

The results show that sludge, under 
a given vacuum, is reduced to a con- 
stant moisture content, regardless of 
cake thickness. 

Empirical data furnished from the 
filter leaf test gave the weight of the 
solids deposited on the filter as a func- 
tion of time of submergence. From the 
same data, the coefficient of filtration, 
cy, ean be determined by curve-fitting 
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methods. These data are all that are 
necessary to solve operating problems 
from laboratory experiments. The 
filtration constant is a function of the 
type of filter cloth. Until more study 
shows how this constant is affected by 
the properties of the filter septum, the 
same cloth should be used in the test 
as is to be used on the full-scale filter. 

Experiments were performed on di- 
gested elutriated sludge dosed with 
ferric chloride. The filter cloth was 
a long nap, twill-weave wool. It was 
demonstrated (a) that if the time of 
the eyele is variable, then the maximum 
yield is obtained with the minimum 
final cake thickness, and (b) that with- 
in a certain limit the yield can be im- 
proved by increasing the time of sub- 
mergence without affecting the mois- 
ture content. After the limiting point 
is reached, increasing the time of sub- 
mergence will increase the yield, but 
the moisture content will also be in- 
creased. 

Final acceptance of this hypothesis 
will depend upon tests with different 
sludges, under varying conditions, in 
actual practice. 
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FIRST QUARTER CONTRACTS TOTAL $27,000,000 


Contracts for the construction of 111 
sewage treatment plant projects were 
awarded by municipalities during the 
first quarter of 1952, according to the 
U. S. Public Health Service. The 
projects, distributed in 33 states and 
involving a total cost of about $27,000,- 
000, will bring new or improved service 
to more than 2,000,000 people when 
completed. 

Of the 111 projects reported, 72 are 
new plants being built at a total cost 
of about $17,000,000. The other 39 


consist of additions, enlargements, or 


replacement of existing plants. 


The report is based on data compiled 
by the Public Health Service from re- 
ports of the F. W. Dodge Corporation, 
state water pollution control agencies, 
and other construction news sources. 

Data are not available on progress 
in the abatement of industrial wastes, 
the other major source of water pollu- 
tion. However, a national summary re- 
port published by the Publie Health 
Service in 1950 showed that of the 
10,400 industries known to be discharg- 
ing wastes, nearly 3,500 needed new 
or additional waste treatment facilities, 
while more than 5,500 others had unde- 
termined needs. 
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RADIOACTIVE WASTE DISPOSAL TO 
PUBLIC SEWERS * 


By F. W. 


Sanitary Engineer, Advisory Field Service Branch, Isotopes Division, 
Atomic Energy Commission, Oak Ridge, Tenn. 


he nuclear reactor at the Oak Ridge 
National Laboratory was converted 
from its wartime duties to the produc- 
tion of radioisotopes for peacetime uses 
in 1946. These materials have unique 
radioactive characteristics that make 
them extremely useful tools in research, 
biology, medicine, agriculture, indus- 
try, and other fields. Their value is 
indicated by the increase in shipments 
since 1947, the first full year of the pro- 
vram (Figure 1), and by the wide- 
spread distribution of users (Figure 
2). 

The radioactivity which makes radio- 
isotopes such useful tools also renders 
them potentially hazardous. Radio- 
logical damage due to use and disposal 
of radioisotopes can be avoided through 
observation of well-established precau- 
tionary measures. Members of the sew- 
age works profession are not immedi- 
ately concerned with potential hazards 
to personnel using radioactive mate- 
rials. They are interested, however, in 
radioisotopes that are discharged to 
sewers. 

A recent excellent article by Van 
Kleeck (1) on radiation and radioae- 
tivity emphasizes the phases that are 
of interest to the profession. It is a 
useful reference on background mate- 
rial for a more detailed description of 
the AEC program for control of poten- 
tial hazards due to reactor-produced 
radioisotopes and for illustrative ex- 
amples of methods for safe disposal of 
waste radioisotopes into sewers. 


* Condensation of paper presented at Fifth 
Annual Meeting, Kentucky-Tennessee Indus- 
trial Wastes and Sewage Works Association ; 
Louisville, Ky.; Sept. 17-19, 1951. 


Control of Radiation Safety 


AEC Program 

Both encouragement of maximum 
beneficial use of radioisotopes and con- 
trol of the potential hazards of use are 
statutory responsibilities of the AEC, 
set forth in the Atomie Energy Act 
(2). These responsibilities include 
radioisotopes produced in foreign re- 
actors and shipped into this country, 
as well as those produced in this coun- 
try. The AEC maintains an Isotopes 
Division to discharge these responsibil- 
ities. 

The Isotopes Division recognizes the 
responsibilities of public health agen- 
cies for the health of the people in 
areas under their jurisdictions. It is 
initiating steps to bring these agencies 
into closer contact with field investiga- 
tional phases of the control program. 


Allocation 


The Isotopes Division is responsible 
for allocation of reactor-produced ra- 
dioisotopes used in this country. The 
allocation procedure has been devel- 
oped carefully to assure that those who 
receive radioisotopes are qualified to 
handle radioactive materials without 
damage to themselves or to others. 

The prospective user submits an ap- 
plication, which includes statements 
of his experience in handling radioac- 
tivity, the instruments available for 
measuring radioactivity, the kind and 
amount of radioisotope desired, the use 
to be made of the material, and the 
methods to be used for radiation safety. 
The application is reviewed by a spe- 
cialist in the proposed use of the radio- 
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1947 


1948 


1949 1950 


FIGURE 1.—Increase in radioisotope shipments from Oak Ridge National Laboratory, 
by calendar year. 


isotope. If it is indicated that the ap- 
plicant is fully qualified to handle the 
material safely, and has adequate facil- 
ities for the proposed use, an authoriza- 
tion for purchase of the material is 
issued him. 


The applicant submits a signed state- 
ment accepting responsibility for any 
damage that may result from use of 
the radioactive material. He also 
agrees to use the material only for the 
purpose stated in the application, and 


FIGURE 2.—Radioisotope shipments by states, August 2, 1946 to December 31, 1951 
(5'2 yr.); total number of shipments from Oak Ridge National Laboratory, 22,971. 
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not to transfer the material to another 
user without authorization. Thus there 
is reasonable assurance before ship- 
ment that the radioactive material will 
be handled properly. 


Advisory Field Service 


In addition to this effective pro- 
cedure the Isotopes Division maintains 
an advisory field service. Health safety 
specialists visit users and offer advice 
and assistance in the safe use and dis- 
posal of radioisotopes. The schedule 
of visits calls for a visit to each new 
user within a year after he first receives 
radioisotopes, and about once every 
four years thereafter. These visits are 
comparable to those to officials respon- 
sible for municipal water supplies and 
sewage systems made by members of 
state health departments. Users’ prac- 
tices, equipment, and records are re- 
viewed with reference to radiological 
safety. If unsafe practices are found, 
education and persuasion are used in 
obtaining improvement. The advisory 
field service personnel, therefore, serve 
as consultants rather than policemen. 

The authority included in the Atomic 
Energy Act, however, permits recall of 
radioisotopes if such a step is deemed 
necessary. The effectiveness of the 
combined system, of control through al- 
location and education through field 
visits, is attested by the fact that in 
dealing with more than 1,200 labora- 
tories the recall authority has never 
been used. 


Radioactive Waste Disposal 


A number of methods are used for 
safe disposal of waste radioisotopes. 
The sewage works profession is only 
incidentally interested in methods in- 
volving burial in the soil or at sea, re- 
turn to the AEC, and dispersion in the 
atmosphere. It is, on the other hand, 
directly interested in dilution and dis- 
persion of these wastes in sewers and 
subsequently in streams. 

An understanding of a few relatively 
simple concepts involved in the disposal 
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of waste radioactive materials by dilu- 
tion and dispersion in water will assist 
vreatly in evaluating the degree of 
hazard involved in any specific situa- 
tion. These include the unit of meas- 
urement of radioactivity, the principle 
of radioactive decay, and maximum 
permissible concentrations of radioac- 
tive materials. 

These radiological concepts are com- 
parable to the everyday principles used 
regularly in the disposal of industrial 
wastes in sewers. Other considerations, 
such as rates of flow of sewage, and 
dilutions resulting from discharging 
known amounts of materials into known 
volumes of sewage are met regularly in 
the management of sewage systems. 
Curie 

The curie (c.) is the measure of 
quantity of radioactive material. It is 
comparable to pounds of solids or acid, 
for example, in industrial wastes. It is 
based on the number of atoms dis- 
integrating per second and is that 
amount of any radioisotope that pro- 
vides 3.7 X 10'° disintegrations per sec- 
ond, For convenience, smaller units 
are used, such as the millicurie (me.), 
which is 0.001 ¢., and the microcurie 
(ne.), which is 0.000001 e¢. 


Maximum Permissible Concentrations 


Maximum permissible concentrations 
of certain radioisotopes in drinking 
water and in sewage have been worked 
out carefully on the basis of available 
data. These values, adopted by the Na- 
tional Committee on Radiation Protec- 
tion, inelude liberal factors of safety. 
They are comparable to standards 
governing concentrations of potentially 
deleterious materials in sewers or 
streams. An individual limit for each 
of a number of radioisotopes has been 
recommended for drinking water for 
continuous ingestion (normal use for 
about 30 years) (3), but data are not 
available at present to permit estab- 
lishment of individual limits for others. 
Those for which individual limits have 
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TABLE I. -Maximum Permissible Concentrations of Radioactivity in Water and Sewage 


Max. Permissible Conc. (uc. /ml.) 
Radio- | 


isotope 


Drinking Water Sewage 


Conditions 


Au! 
ps 

Hg!9? 
tion? 


Reference (3). 


not been recommended are covered by 
a single limit for mixed or unknown 
radioactive contamination. This spee- 
ities that the concentration of beta and 
vamma emitters in drinking water shall 
not exceed 10° pe. per C.c. of water. 
A few limits have been established for 
common isotopes discharged into sew- 
ave (4). Selected values are given in 


Table I. 
Half-Life 


Radiation decay is a characteristic 
of radioisotopes that is useful in some 
waste disposal problems. Radioactiv- 
ity cannot be reduced or otherwise al- 
tered by artificial means, but it does 
decrease systematically with time. In 
this respect, it is similar to the familiar 
The rates of decrease, in- 
dicated by their half-lives, differ for 
different radioisotopes. The half-life of 
a radioisotope is the length of time re- 
quired for radioactivity to be reduced 
to one-half of its initial value. The 
rate of decrease is constant throughout 
the life of the radioisotope. If a radio- 
isotope has a half-life of two days, for 
example, its initial radioactivity will be 
reduced 50 per cent in two days. In 
two more days the remaining activity 
will be reduced another 50 per cent, or 
to 25 per cent of the initial value. In 
six days the radioactivity remaining 
will be 12.5 per cent of the initial. The 


2 Reference (6). 


Continuous ingestion! 
Continuous ingestion! 
For unknown or mixed radioisotopes, continuous inges- 


Permissible in sewage of institution sewer, based on 24- 
hr. flow® 

Continuous ingestion! 

Permissible in sewage of institution sewer if mixed with 

91 ¢. of KI for each ue. of [I 3 

Permissible in sewage of institution sewer, based on 24- 
hr. flow’ 


3 Reference (4). 


rate of reduction in first-stage 20° C. 
B.O.D. could be defined in the same 
way, with a ‘‘half-life’’ of three days. 
This characteristic is extremely useful 
in estimating the residual radioactivity 
of a material at any time if its initial 
radioactivity at a given time is known. 
An approximation may be made on the 
percentage basis described, or the exact 
residual may be calculated by use of a 
formula. Perhaps the simplest method 
is that using semilogarithmic paper. 
The initial radioactivity is plotted on 
the vertical logarithmie axis against 
zero time on the horizontal axis and 50 
per cent of the initial is plotted against 
the time representing the first half-life. 
A straight line drawn through these 
two points gives the residual radioac- 
tivity at any time. This is illustrated 
(Figure 3) for various quantities of 
radioiodine shipped to three Tennessee 
cities, 


Illustrative Waste Disposal 
Calculations 


Records of actual allocations or ship- 
ments of radioisotopes to Kentucky and 
Tennessee are used as a basis for esti- 
mating concentrations of isotopes that 
may oceur in sewers and streams. Gen- 
erally the largest allocation or shipment 
to each city is selected as an example. 
Large allocations usually are received 
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by the user as a series of several smaller 
shipments over a protracted period of 
time. Either water consumption or 
sewage flow data are available (5) for 
most of the cities in which radioisotopes 
have been used. Assumptions have 
been used rather liberally where cer- 
tain factors involved in the disposal 
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procedures actually employed are not 
available. 


Kentucky 

Of the 1,752 ¢. of radioisotopes dis- 
tributed by the AEC since the program 
started in late 1946, about 3.7 e. have 
been allocated to the three Kentucky 
cities of Louisville, Lexington, and Fort 
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FIGURE 3,—Radioactivity decay of radioiodine. 
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Knox. Examples given below are based 
on the largest allocations during the pe- 
riod July 1, 1950 through June 30, 
1951. 

Louisville: Several types of radio- 
isotopes have been used in animal ex- 
perimentation at a Louisville institu- 
tion. Of these, the largest shipment 
was 200 me. of Au’, with a half-life 
of 2.7 days. Because this was used 
in animal experimentation, only that 
small portion of the radioactivity un- 
avoidably lost in laboratory manipula- 
tion would reach the sewer. An as- 
sumption that 10 per cent of the total 
material was thus wasted should be 
liberal. The rest would be injected 
into the experimental animals. If the 
animals were sacrificed in the experi- 
ments, as is likely, their bodies, con- 
taining much of the radioactivity, 
would be disposed of by burial or in- 
cineration. For illustrative purposes, 
it may be assumed that any radio- 
gold wasted to the sewer had decayed 
through one half-life before discharge. 
Available data indicate that the total 
sewage discharge from Louisville is in 
the neighborhood of 50 m.g.d. As- 
sume that the waste from the institu- 
tion is diluted by 1 per cent of the 
total sewage flow of the city before it 
reaches the river. The radioactivity 
of the sewage reaching the river may 
be estimated as follows: 


Initial radioactivity = 200 me. = 2 X 
10? me. 

1 me. = 1,000 we. = 1 XK 10° ue. 

Holding time before discharge = 2.7 
days = 1 half-life. 

Radioactive decay before discharge = 1 
half-life = 50 per cent = 5 X 107 

Portion of material discharged to sewer 
= 10 per cent = 1 X 107! 

Sewage volume available for dilution 
= 0.5 mgd. = 1.9 X 10% ¢.c. 

Concentration of radioactivity in sew- 
age at mouth of municipal sewer 

(2 10?)(1 X 108) 
xX (6 X 10°)(1 


(1.9 X 10°) 
5.3 X 107° we. per 
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Reference to Table I shows that the 
maximum permissible concentration of 
in drinking water is 3 pe. 
per cc. The estimated concentration 
of radiogold in the sewage reaching 
the river is approximately 499 of the 
limit for drinking water for continu- 
ous ingestion, and is completely safe. 
Other radioisotopes used in Louisville 
could be disposed of with equal safety. 
Lerington: In Lexington several 
relatively large amounts of P** (in the 
range of 250 to 725 me.) were allotted 
for agricultural experiments. The al- 
lotments were for research on ferti- 
lizers used on alfalfa, with allocations 
about three months apart. The radio- 
phosphorus was buried several inches 
in the ground along with other phos- 
phatic fertilizer. The experimental 
plot was flat, and precautions were 
taken to keep out unauthorized per- 
sons. The only chance of water con- 
tamination here would be the leaching 
of the radiophosphorus through the 
soil to some adjacent stream. Pre- 
liminary experiments indicate that the 
rate of leaching of phosphate through 
soil is about 1 ft. per year. As a mat- 
ter of interest, assume the most ex- 
treme situation possible and calculate 
how much stream flow would be neces- 
sary to dilute the 725-me. allocation to 
the maximum permissible concentra- 
tion for drinking water if an improb- 
able accident permitted the entire 
amount to reach a stream in a day, 
before appreciable decay occurred. 


Radioactivity = 725 me. 
= 7.25 10° ue. 
Maximum permissible concentration 
of P® in drinking water = 2 
10-* pe. per c.c. 
(7.25 X 10°) 
(2X 10-938 x 105) ~ 25 X 10° gal. 
Thus, a stream flowing 950,000 g.p.d., 
or a little less than 1.5 eu. ft. per see., 
would provide safe dilution in the ex- 
tremely improbable event that the en- 
tire amount of radioactive phosphorus 
reached the stream. 
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Other allocations to the Lexington 
institution were used for chemical and 
physical laboratory research. Storage 
of radioactive material used in this 
type of experimental work to permit 
decay, if necessary, usually is quite 
simple. The largest allocation was 95 
me. of Hg’®’, with a half-life of 2.7 
days, for use in experimental physics. 
The total sewage flow for Lexington is 
5.0 m.g.d. Assume that the radiomer- 
cury, in soluble form, is discharged to 
the sewer in such a manner that, be- 
fore it reaches the treatment plant, it 
mixes with a portion of the total daily 
sewage flow equal to the average flow 
for 1 hr. As no individual maximum 
permissible concentration for Hg" 
has been adopted, it may be decided to 
keep the concentration in the sewer 
below the 107 ye. per ¢.c. for mixed or 
unknown radioactive contaminants in 
drinking water. First determine the 
amount of radioactivity that may be 
discharged to the assumed sewage flow. 


Daily sewage flow = 5 X 108 g.p.d. 
Average hourly sewage flow 


(5 & 10°)(3.8 10%) 


(2.4 & 10) 
= 7.9 X 10° c.c. 


Maximum permissible concentration 
selected as control = 107-7 ye. per 

Maximum permissible radioactivity to 
sewer = (7.9 X 108) X 10-77 = 7.9 
xX 10 ue. 


The initial 9.5 x 10‘ pe. of radio- 
mereury could be stored to permit re- 
duction in radioactivity before dis- 
charge to the sewer. The portion of 
the initial that may be discharged to 
the sewer is 


7.9 xX 10 
9.5 X 10* 


or 0.083 per cent. 

Applying 50 per cent reduction for 
each half-life as previously discussed, 
it is found that the radioactivity will 


= 8.3 X 10-4, 
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be reduced to 0.098 per cent in 10 half- 
lives and to 0.049 per cent in 11 half- 
lives. The Hg’? should be held for 11 
half-lives, or about one month, before 
discharge to the sewer to meet the se- 
lected conditions. 

Fort Knox: Data on water consump- 
tion or sewage flow are not available 


and no computations are attempted 
here. 


Tennessee 


A total of 67.2 ¢. of radioactivity has 
been allocated to radioisotope users in 
Tennessee since the distribution pro- 
gram started. This went to Chat- 
tanooga, Johnson City, Knoxville, 
Memphis, and Nashville, and is exelu- 
sive of radioisotopes used in AEC op- 
erations at Oak Ridge. 

Chattanooga: Although one alloca- 
tion to a Chattanooga hospital was for 
2,000 me. of I'*', records of shipment 
show that 10 shipments of 100 me. each 
were made at monthly intervals. This 
was for use in diagnosis and treatment 
of thyroid diseases. Single doses of 
I'** as high as 100 me. occasionally 
have been used in cases of advanced 
cancer of the thyroid, and it is as- 
sumed an entire shipment was adminis- 
tered to one patient in this case. A 
maximum of 90 per cent of the radio- 
iodine administered to a patient may 
be eliminated in the first day after 
treatment. (A maximum of 20 per 
cent of radiophosphorus administered 
to a patient may be eliminated in the 
first day.) If all of the patient’s body 
wastes were discharged to the sewer, 
90 me. of radioiodine, adjusted to al- 
low for decay, would be involved. The 
half-life of I'* is 8 days. Assume that 
the radioiodine was two days old be- 
fore discharge to the sewer. By use 
of the semi-logarithmic plotting previ- 
ously referred to, it is found that the 
90 me. of radioactivity is reduced to 
75 me. in two days (Figure 3). As- 
sume that the hospital has 500 beds 
and that sewage discharge is 300 g.p.d. 
per bed, or a total of 150,000 g.p.d. 
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Thus: 


(7.5 X 10)(1 X 10%) 
(1.5 X 105)(3.8 K 10%) 
= 1.3 X 10~‘ ue. per c.c. 


Table I shows that the permissible 
concentration under these conditions 
is 5 X 10°* pe. per e.c., or nearly four 
times the calculated concentration. 

Johnson City: The only radioisotope 
allocation to Johnson City was a sealed 
source containing 25 me. of Sr*” for 
use in treatment of diseased eyes. This 
is permanent equipment, which is not 
discarded and therefore presents no 
waste disposal problem. 

Knoxville: There was an allocation 
of 600 me. of I'*' to a Knoxville insti- 
tution. This was shipped in lots of 
various sizes, of which one shipment of 
115 me., for animal experimentation, 
was the largest. It is assumed that 10 
per cent, or 11.5 me., was lost to the 
sewer in laboratory manipulation. Two 
days decay would reduce this to 9.6 me. 
The total sewage flow from Knoxville, 
based on water consumption, is about 
20 m.g.d. Assume the radioiodine was 
diluted with 1 per cent of the flow be- 
fore reaching the river. 


9.6(1 10%) 


(2.0 107)(3.8 108)(1 X 10-2) 
= 1.3 XK 10-5 we. per c.c. 


Table I shows that the maximum per- 
missible concentration of I?*' in drink- 
ing water is 3 X 10° pe. per e.c. 
Memphis: The largest allocation to 
Memphis was for 2,500 me. of ['* for 
diagnosis and treatment of thyroid dis- 


orders. Records show that the largest 
individual shipment was 250 me. It is 
extremely doubtful that all of this 
would be used on patients simulta- 
neously, but can be assumed that it was. 
With 90 per cent maximum excretion 
by the patients in the first day after 
treatment the excreted radioactivity 
would be that remaining from 225 me. 
after allowance for decay. Two days 
decay, as assumed in other examples, 
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would reduce this to 190 me. Again 
assume 150,000 g.p.d. sewage flow for a 
500-bed hospital. 


(1.9 10?)(1 10) 
(1.5 X 10°)(3.8 X 10%) 
= 3.3 X 10-‘ we. per c.c. 


This is close to the 5 X 10° pe. per c.e. 
permissible under these circumstances. 
Although this is acceptable, it is so 
close to the limit that it may be advis- 
able, as a factor of safety, to add potas- 
sium iodide to the patient’s excreta be- 
fore discharge to the sewer. This pro- 
vides what is known as isotopie dilution 
and allows a higher permissible con- 
centration in the hospital sewer. If 1 g. 
of potassium iodide is added for each 
millicurie of radioactivity in the ex- 
creta, the permissible concentration of 
radioiodine at the mouth of the sewer is 
pe. per This is 20 times the 
limit permissible if potassium iodide is 
not used for isotopic dilution. 

Nashville: The largest allotment to 
Nashville was 10,000 me. of Au’®® for 
tumor studies, but records show that 
the largest individual shipment was 682 
me. The estimated daily sewage flow 
for Nashville is about 45 m.g.d., based 
on water consumption. Assumptions 
similar to those for the radiogold at the 
Louisville institution may be used here. 
Assume one half-life holding time and 
10 per cent loss of the radioisotope in 
laboratory manipulation. Under these 
conditions 34.1 me. would be discharged 
to the sewer. If this were diluted with 
1 per cent of the daily sewage flow from 
Nashville : 


(3.41 10)(1 10%) 


(4.5 107)(3.8 & 10°)(1 107?) 
= 2.0 X 10-5 ue. per c.c. 


This is far below the permissible con- 
centration of 3 xX 10°° ue. per ¢.e. for 
in drinking water. 


Summary 
The Atomic Energy Commission’s 
allocation and visitation program for 
control of potential radiation hazards 
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due to off-Commission use of reactor- radioisotopes and sewage volumes for 
produced radioisotopes has been de- Kentucky and Tennessee cities, have 
seribed briefly. Sample calculations, been given to illustrate methods of dis- 
based on allocations or shipments of posal of radioactive wastes in sewers. 
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ONLY COPPER AND ALUMINUM CONTROLS EASED 


Because of the current strike in the steel industry, relaxation of con- 
struction controls previously forecast by NPA (see Tuts JourNAaL, 24, 6, 
722; June, 1952) has been postponed. By Amendment 1 (effective 
July 1, 1952) to CMP Regulation 6, however, water and sewage works 
administrators are able to self-certify increased allotments per project 
per calendar quarter as follows: copper, up to 750 lb.; aluminum, up to 
1,000 Ib. Self-certification limits on steel remain at 5 tons, not to include 
more than 2 tons of structural shapes. 
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TREATMENT OF COTTON FINISHING WASTES AT 
THE SAYLES FINISHING PLANTS, INC.* 


By GEORGE 


G. BoGREN 


Partner, Weston §& Sampson, Consulting Engineers, Boston, Mass. 


The mills of the Sayles Finishing 
Plants, Inc., are located in Saylesville, 
R. I., a village in the Providence-Paw- 
tucket area, on the Moshassuck River. 
The location of the wastes treatment 
plant in relation to neighboring com- 
munities and sewage treatment plants 
is shown in Figure 1. Adjacent to the 
wastes treatment plant is the sewage 
treatment plant of the City of Central 
Falls. 

The Moshassueck River has a drain- 
age area of 7.7 sq. mi. at Saylesville. 
Storage is provided in several ponds 
on the drainage area. The river flows 
in a southerly direction through the 
cities of Pawtucket and Providence, 
discharging into the Providence River. 

The minimum summer runoff on the 
Moshassuck at Saylesville is about 2 
cu. ft. per see., or about 1144 m.g.d.  Be- 
cause during several summer months 
the water consumption of the company 
mills exceeds the runoff, there is no 
dilution of the wastes discharged. 

Saylesville is about 5 hr. river flow, 
at low stage, from tide water in the 
Providence River. This is an impor- 
tant factor in setting the standard of 
quality of wastes discharged at Sayles- 
ville. 

Volume and Character of Wastes 

The present volume of wastes is esti- 
mated to total 5.1 m.g.d., of which 
about 2.5 m.g.d. are discharged to the 
existing treatment plant. Alterations 

* Presented at 1951 Annual Meeting, New 


England Sewage Works Assn.; Providence, 
R. I.; November 6-7, 1951. 


to the wastes collecting system at the 
mills will increase the volume dis- 
charged to the proposed treatment 
plant to about 3.3 m.g.d., the balance 
being discharged to the river without 
treatment. Table I shows the average 
composition of the mixed wastes, the 
wastes separated and discharged to the 
present treatment plant, and the esti- 
mated character of the wastes sepa- 
rated and discharged to the proposed 
sewage treatment plant. It will be 
seen that the wastes are highly alkaline 


TABLE I. Average Character of 
Finishing Plant Wastes 


Est. 
Future 
Treatment 
Plant 
Influent 


Present 
Treatment 
Plant 
Influent 


Mixed 


Item Wastes 


Turbidity (p.p.m.) 
‘olor 

Oxygen cons. (p.p.m.) 
Alk., total (p.p.m.) 
Alk., hydroxide (p.p.m.) 

pH 

Susp. solids (p.p.m.) 

Settl. solids (°%) 
B.O.D. (p.p.m.) 


with a caustie alkalinity, on the aver- 
age, and a B.O.D. slightly lighter than 
average domestic sewage. After more 
complete separation, the wastes dis- 
charged to the proposed treatment 
plant will be less alkaline, free of caus- 
tie alkalinity, and slightly lower in 
B.O.D. and suspended solids, due to 
the inelusion of certain light but highly 
acid wastes. 

The wastes include the discharge of 
mill toilets and the sewage from a 
portion of the village of Saylesville, 
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amounting to about 10 per cent of the 
total volume of heavy wastes separated 
for treatment. The character of the 
wastes varies widely in color and 


chemical composition from hour to 
hour, as well as in rate of discharge. 

Because of the presence of biologi- 
cal inhibitors, such as caustic, acid, 
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FIGURE 1.—Location plan of Sayles Finishing Plants, Inc., wastes treatment plant to 
show relation to other treatment plants on watershed. 
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hypochlorite, and peroxide, the wastes 
discharged to the treatment plant are 
sterile much of the time, and their 
B.O.D. accordingly is slow to develop; 
the 24-hr. B.O.D. is about one-eighth 
that of domestic sewage, and the 12-hr. 
B.O.D. about one-twenty-third. 


Separation of Wastes 


The mills are served by two systems 
of sewers or drains, one discharging 
so-called ‘‘heavy’’ wastes to the treat- 
ment plant and the other discharging 
‘‘light’’ wastes directly to the river. 
Recently an extensive sampling of the 
discharge of the individual processes 
was a basis for the modernization of 
these systems. The future volume and 
character of wastes to be treated has 
been estimated on this basis. 

In some plants the cost of separate 
sewer systems is not warranted, but in 
this case separation is desirable, not 
only to reduce the size of treatment 
units, but also to permit closer control 
of the alkalinity of the wastes dis- 
charged to the treatment plant. 


History of Treatment Works 


In 1920 a collecting sump, pumping 
station, primary settling basins, and 
sludge beds were constructed. The 
three manually-cleaned settling basins, 
rectangular in shape with sloping bot- 
toms, have a total volume of 782,000 
gal. They will provide a detention pe- 
riod of 5.6 hr. under the proposed av- 
erage future flow, and 2.4 hr. at peak 
future flow; when constructed they 
provided a detention period of about 
4.0 hr. at peak flow. There are six 
sludge beds having a total area of 0.54 
acres, 

In 1923 plans were drawn for com- 
plete treatment of the settled wastes. 
These provided for four dosing tanks 
with automatic siphons, four trickling 
filters having a total area of 1.0 acre, 
and four intermittent fine-cinder fil- 
ters having a total area of 4.0 acres. 
The dosing tanks, 0.25 aere of trickling 
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TABLE II.—-Operation Results of 
Present Plant 


% Removal by 


Item Trick 
ling 
Filter 


Cinder| Entire 
Filter | Plant 


Primary 
Basins 


Turbidity 15.7 
Oxygen consumed 9.1 
Suspended solids 17.4 | 11.7 | 70.5 | 99.6 
B.O.D. 15.5 | 36.4 | 40.8 | 92.7 
Settleable solids 96.5 0.0 | 3.5 1100.0 


18.6 
25.3 


64.4 
53.0 


98.7 
87.4 


filter, and 1.0 acre of intermittent cin- 
der filter were constructed in 1924, and 
have been operated continuously since. 
Table II shows the average results of 
operation of the present plant, ex- 
pressed as per cent removal of the 
principal polluting constituents by the 
three units of the treatment plant. 
The percentages are cumulative, as 
they refer to the raw wastes analysis 
in each ease. It will be seen that be- 
cause of the non-settling nature of the 
wastes, the settling basins remove far 
less suspended solids and B.O.D. than 
is common practice for domestic sew- 
age. Nevertheless, the total volume of 
dried sludge removed from the sludge 
beds per year averages about 1,000 
tons. 

The present trickling filter consists 
of 10 ft. of coarse stone varying in size 
from 1 in. to 2 in. Its removals, like 
those of the settling basins, are less than 
in the ease of domestic sewage. It is 
surprisingly little affected by extreme 
variations in character of the settling 
basin effluent of short duration, and 
produces an effluent with a pale straw 
color regardless of the color of its in- 
fluent. Frequent unloading of bio- 
logical accretions has indicated the 
need of a settling basin for its effluent. 

The intermittent cinder filter was 
constructed of this material because 
of the availability at the site of a large 
quantity of cinders. As will be seen 
from Table II, its performance is re- 
markable. It is dosed intermittently 
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by a pump, and handles trickling filter 
effluent at a rate averaging 0.3 m.g.a.d. 


Recent Developments 


Shortly after World War II the 
Blackstone Valley Sewer District was 
created, and plans were subsequently 
drawn for the construction of inter- 
cepting sewers and treatment works. 
The Sayles finishing plants are within 
the geographical limits of the District. 
At the recommendation of the Dis- 
trict’s consulting engineers, however, 
the wastes from the company’s mills 
are not to be taken into the District’s 
system, but are to be given complete 
treatment by the company. This was 
because of the fact that the company 
already had a considerable investment 
in wastes treatment facilities, and be- 
cause of the adverse effect of these 
wastes upon the size and type of treat- 
ment plant required for the District. 
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The State Department of Public 
Health, in its report on water pollu- 
tion dated December 23, 1946, classified 
the Moshassuck River below Sayles- 
ville as Class D, the lowest classifica- 
tion above that of an intolerable nui- 
sance. The requirements of this classi- 
fication are the presence of dissolved 
oxygen in the water at all times. and 
freedom from odors, slick, or visible 
floating solids. The aim of pollution 
abatement on this river is primarily to 
eliminate odors from it. 

As soon as the company was aware 
that it was not to be included in the 
Blackstone Valley Sewer District, it 
proceeded with plans for complete 
treatment of its wastes. A pilot plant 


had been constructed to determine the 
feasibility of high-rate trickling filters, 
as the cost of constructing and main- 
taining intermittent cinder or sand 
filters was relatively prohibitive. 


The 


FIGURE 2.—Layout of finishing 


wastes treatment plant, including old and new units. 
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pilot plant studies indicated that the 
settling basin effluent could be suecess- 
fully handled on high-rate trickling 
filters at B.O.D. loads comparable with 
similar filters handling domestic sew- 
age and with an estimated over-all 
B.0.D. reduction of at least 60 to 70 
per cent (1). Studies were thereupon 
made for the separation of wastes at 
the source to reduce the alkalinity of 
the wastes to be treated so that the effi- 
ciency of the high-rate trickling filters 
could be increased. 


Proposed Additional Treatment 
Works 


Construction of additional works to 
provide trickling filter treatment and 
secondary clarification of the entire 
volume of settling basins effluent has 
begun. It is proposed to utilize the ex- 
isting trickling filter and intermittent 
cinder filter to their capacity, esti- 
mated at 0.8 m.g.d. An estimated 3.0 
m.g.d. will be handled by new trickling 
filters. The proposed plant addition 
consists essentially of the 
parts (see Figure 2). 

1. An equalizing basin to store dis- 
charges of wastes from the settling 
basins in excess of the capacity of the 
old and new trickling filters. It has 
a capacity of 2.1 m.g., asphalt-paved 
earth side slopes, and an unpaved earth 
bottom. 

2. Two high-rate trickling filters 
each 83 ft. in diameter, having a total 
area of 0.24 acre. They will have con- 
erete walls, surrounding a 6-ft. depth 
of 2- to 3-in. stone. The wastes will be 
applied through rotary distributors. 
The filters are designed for a B.O.D. 
loading of about 2.0 Ib. per eu. vd. of 
stone, and a 1:2 recirculation ratio is 
provided. 


following 


3. Three secondary settling basins, 
each 35 ft. by 105 ft., and each having 
a capacity of 247,000 gal., each provid- 
ing a detention period of 2.0 hr. at a 
3.0-m.g.d. rate of flow. They are 
cleaned by mechanical sludge scrapers. 
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TABLE III.— Anticipated Results of Operation 


of Proposed Plant 


~ Removal by 


| 
Item | High- 
| Primary | Rate 
| Basins 

| Filter 


Sec. 
Seti. 

| Basin 

| 


Oxygen consumed 
Susp. solids | 
B.O.D. 
Settl. solids | Os 


4. A secondary subsiding basin for 
the existing trickling filter, 16 ft. by 
60 ft. in plan, having a capacity of 
45,000 gal. and providing a detention 
period of 2.0 hr. at 0.5 m.g.d. It is 
provided with a sludge 
scraper. 

5. Five sludge beds having a total 
area of 10,000 sq. ft.. to serve the sec- 
ondary settling basins. 

6. A flow equalizing manhole and a 
pump house to maintain a constant 
discharge to the trickling filters, and 
to provide recirculation. In the flow 
equalizing manhole is a long weir, 
over which the flows in excess of the 
capacity of the trickling filters dis- 
charge to the equalizing storage basin. 
In the pump house are two 3.0-m.g.d. 
pumps with variable discharge. When 
the flow of sewage from the settling 
basins falls below the rated capacity 
of the trickling filters, these pumps 
will draw stored wastes from the 
equalizing basin to maintain the rate 
of application to the trickling filters. 
The speed of the pumps is controlled 
by a sensing device actuated by the 
liquid level in the equalizing manhole. 
There are three 5-m.g.d. recirculating 
pumps. 

Two vacant compartments of the ex- 
isting dosing tank are to be utilized as 
head chambers to feed the two new 
high-rate trickling filters, and a third 
is to continue to serve the existing 
trickling filter. The fourth compart- 
ment is available for an additional 
unit, if required. 


mechanical 
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1941-50 
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SUSP. SOLIDS 


\ 


SETT. SOLIDS A 


% REDUCTION 


N 


% REDUCTION 


PRIMARY 
SUBSIDING BASINS 


TRICKLING 
FILTER 


FINE CINDER 
FILTER 


ESTIMATED RESULTS OF OPERATION ~ NEW PLANT 


OX. CONS.» 


> 


SUSP. SOLIDS 


SETT. SOLIDS 


z 
be 


% REDUCTION 


j 


PRIMARY 
SUBSIDING BASINS 


HIGH- RATE 
TRICKLING 
FILTERS 


SECONDARY 
SUBSIDING 
BASINS 


FIGURE 3.—Comparison of estimated operation results for new plant with actual 
10-year results with old plant. 


Piston-type sludge pumps discharge 
the sludge from the secondary settling 
basins to the sludge beds. A Venturi 
meter ahead of the flow equalizing 
manhole will indicate and record the 
sewage flow. 

Table ILI gives the anticipated re- 
sults of operation of the proposed 
plant. Figure 3 also gives estimated 


future results of operation compared 
with the results for the past 10 years 
with the present plant. It will be 
seen that the expected future removals 
of suspended solids and B.O.D. are 
considerably greater than those of the 
present trickling filter, but consider- 
ably below those of the present cinder 
filter. The estimated character of the 
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proposed treatment plant effluent is as 


follows: 


Because of the chemical constituents 
in these wastes, already mentioned, the 
effluent should be more stable, or less 
subject to decomposition, than the efflu- 
ent from a similar plant handling do- 
mestie sewage. 


Turbidity (p.p.m.) 
Color 

Oxygen cons. (p.p.m.) 
Alk., total (p.p.m.) 
Alk., hydroxide (p.p.m.) 
pH 

Susp. solids (p.p.m.) 
Settl. solids (7) 1. 
B.O.D. (p.p.m.) 

Diss. oxygen (p.p.m.) 


Reference 


Bogren, G. G., ‘‘Treatment of Cotton 
Finishing Waste Liquors.’’ Ind. Eng. 
Chem., 42, 4, 619 (1950). 


CALIFORNIA SEWAGE TREATMENT PLANT COSTS 


In a paper on “Sewage Disposal in the San Joaquin Valley,” E. 8. Cary, associate sanitary 
engineer, and H. B. Foster, Jr., supervising sanitary engineer, California State Board of Health, 
have compiled some interesting data (Table I) relating to sewage treatment plant construction 
costs in that area. The paper was presented at the 1952 Annual Meeting of the California 
Sewage and Industrial Wastes Association, held at Santa Cruz, Calif., April 23-24, 1952. 

The table gives the accepted bid costs of the several plants, without any attempt to pro-rate 
them according to construction indexes. 


TABLE I.—Bid Costs for Construction of Sewage Treatment Plants in San Joaquin 
Valley, Calif. 


Design Bid Cost 
Flow on Plant? 
(m.g.d.) ($) 


Year 
Const 


Population 
| 
| 


Present 


Fresno 
Bakersfield 
Merced 
Hanford 
Mt. Vernon 
Oildale* 
Tulare 
Taft 
Selma 
Sanger 
Kingsburg 
Avenal 
MeFarland 
Clovis 
Fowler 
Woodlake 
Kerman 
Mendota 
Armona 
Pixley 
Strathmore 
Tranquility 
Kern County Gen. 
osp. 
Camp Owens 


| 


3 North of River District. 


1950 


1949 
1950 


| 20,000 
| 12,367 | 


Design 


90,626 |225,000 | 
54,540 | 98,000 | 
15,001 | 35,000 | 
9,829 | 20,000 
18,000 | 18,000 | 
16,000 | 
15,000 | 
12.000 | 
12,000 | 
9,000 
6,000 | 
6,000 
4,000 | 
3,500 | 
3,500 | 
3,500 | 
3,000 
3,000 | 
2.000 
2,000 | 
2,000 
1,500 


3,678 
5,934 | 
6,357 
2,298 
4,000 
1,000 
2,757 
1,859 
2,512 
1,800 | 
1,537 | 
1,200 


Prim. 
Prim. 
Prim. 


Int. 
Sec. 


Sec. 
Int. 
| Int. 


Int. 


Prim. 


Sec. 


Prim. 


Int. 


Prim. 
| Prim. 
| Prim. 
Prim. 
| Prim. 
Prim. 
| Prim. 
Prim. 
Prim. 


| Prim. 


677,595 
938, 102 
160,262 
203,514 
274,800 


215,000 | 
150,240 | 


129,791 
111,293 
166,933 
91,870 
59,307 


119,000 | 
45,500 | 
44,980 | 


27,500 
34,980 
46,912 
37,407 
54,663 
42,550 
21,745 


17,000 
13,749 


156,000 
253,000 
273,000 
213,000 
145,000 


272,000 
1,833,000 


: 
is 3 
| 

| 
City per Cap. | per M.G. 
| (8) (8) 
| 1948 | 20.0 | | 3.01 | 33,900 
1951 | 16.0 | 9.57 | 58,600 
eae | 1951 | 3.5 4.58 45,800 
| 1948 2.41 | | | 10.17 | 84,400 
ge | 1948 2.0 15.27 | 137,400 : 
| 1947 2.0 | 13.44 | 107,500 
| 1949 1.5 10.01 | 100,100 
a 1951 0.72 10.41 | 180,800 
1s | | 9.28 | 62,000 
1949 1.15 | 18.55 | 145,200 
1948 0.87 | 15.31 106,000 
oe 1951 0.60 | = | 9.89 98,900 
1949 04 | 29.75 | 297,000 
ee 1948 0.28 13.00 | 163,000 
aa | 1951 0.35 2.84 | 128,400 : 
ee | 1951 0.21 7.86 | 131,000 
ae 1951 0.30 | 11.65 | 116,500 
aoe | 1948 0.3 | 15.61 
a | 1949 0.148 | 18.70 | 
1950 0.2 | 27.33 | 
| 1948 0.2 | 21.30 
| 0.15 14.50 

500 | 0.0625 34.00 
150 | 150 Prim. 91.66 
| 
$$$ $$ 
Bickle: ! Primary plants include Imhoff tanks or clarifiers with separate digesters; intermediate : 
ite treatment consists of primary clarifiers, plus either standard or high-rate filters; secondary treat- 
fey = ment consists of primary clarifiers, high-rate filters, recirculation and secondary clarifiers with 
= separate sludge digestion, or high-rate activated sludge. 
ae ? Land and engineering costs not included. 


WASTE LOADINGS FROM POTATO CHIP PLANTS 


By PorGes 


Senior Sanitary Engineer, Missouri Drainage Basin, U.S. Public Health Service, 
Kansas City, Mo. 


Numerous small industries frequently 
encountered during stream pollution 
surveys may produce significant 
amounts of liquid organic wastes. It 
becomes necessary, therefore, to esti- 
mate the pollution discharged, either 
by investigation of the individual es- 
tablishment or by applying unit fig- 
ures secured from studies of similar 
plants. The latter method may save 
considerable time and is the only al- 
ternate where a field staff and labora- 
tory facilities are not available for a 
complete industrial waste appraisal. 

Potato chip manufacture is one of 
these small industries. Meager infor- 
mation regarding wastes from this 
process made it desirable to conduct 
somewhat limited studies for estab- 
lishment of production unit pollution 
factors to assist in evaluation of such 
plants. The analytical data on which 
this report is based are limited to one 
potato chip plant and therefore may 
not give extremely accurate indications 
of waste loadings from these plants. 
Nevertheless, the data will be useful in 
many cases where an estimate of the 
approximate waste loading is desirable. 


Method 


Studies were made over the operat- 
ing eyele of a potato chip plant. Pro- 
duction was obtained from plant man- 
agement and waste characteristics de- 
termined so that unit factors could be 
developed. 

Laboratory analyses included the fol- 
lowing: B.O.D. (standard 5-day 20° 
(.) ; suspended solids (total, fixed, and 
volatile) ; and settleable solids (1-hr.). 
All analyses were conducted in aecord- 
ance with ‘‘Standard Methods’’ (1). 


Description of Process 
100-Ib. 


Potatoes were received in 
sacks and stored prior to use. They 
were then peeled, washed, sliced, 
soaked, and finally cooked in oil. 

Potatoes were supplied on a batch 
basis to a peeler consisting of revolv- 
ing earborundum wheels, which re- 
moved the outer portion of the potato. 
After peeling, the potatoes were 
washed, inspected, and eyes and de- 
fects removed. They were then con- 
veyed to the slicer. The potatoes were 
kept wet during handling to prevent 
discoloration. After slicing, the sliv- 
ers of potatoes were washed and soaked 
in a vat to remove starch and surface 
material which might cause sticking 
and matting of the chips. The water 
was removed by a centrifugal dryer 
and the slices cooked in oil. After 
cooling, excess oil was removed by an- 
other centrifugal dryer and returned 
to the cooking vat and the chips pack- 
aged. 

Operational data from several plants 
are shown in Table I. The chips pro- 


TABLE I.—Potato Chip Plant 
Operation 


Potato Oil 
Employees! Used! 


(no.) (lb. (lb.) 


2.5 
4.0 
5.8 
2.0 
3.8 
5.0 


3.8 


' Per 1,000 lb. of potatoes processed. 


1001 


A 250 150 
B 250 125 
— -- 
300 
E 250 190 
F 220 — 
Av. || 254 153 


1002 SEWAGE 
duced from 1,000 Ib. of potatoes aver- 
aged about 250 Ib. 


Sources of Waste 
Peeler 


Water was fed continuously during 
the peeling operation, the volume vary- 
ing with the amount of potato  re- 
moved. The latter is highly variable, 
depending upon smoothness, depth of 
eyes, and regularity of shape. Rubbed- 
off material was discharged with waste 
water. 

Washer 

After slicing, the slivers were washed 
and soaked in a vat to remove starch 
and other surface material. The vat, 
equipped with an agitator, had a con- 
tinuous water feed, the overflow dis- 
charging to a floor drain. 


Miscellaneous 


Oil spills on the floor around the 
cooking vat were washed to the floor 
drain. Wash-up of equipment and 
floors also contributed some waste. 
Storage wastes, consisting of decayed 
potatoes, eyes and sprouts, approxi- 
mated 2.5 per cent 
of to a dump. 


and were disposed 


Quantity of Waste 


The volumes of liquid wastes are 
shown in Table IT. During the period 
of this study, the peeler utilized 234 
gal. and the washing and soakage tank 
320 gal. of water per 1,000 lb. of po- 
tatoes. This totals 554 gal. per 1,000 


B.O.D. 
p.p.m.) 


580 


Peeling and washing | 
Washing and soak- 
age tank 

| 


2,020 


Total 


' |-hr. settling. 
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Sett. Sol.! 
(ml. /L.) 
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lb. of potatoes, although maximum use 
was reported as 1,000 gal_—a variation 
caused by the type and shape of po- 
tato Another plant re- 
ported an average 810 gal. per 1,000 
lb. of potatoes processed. 


processed. 


Character of Wastes 


Analyses of wastes from peeler and 
soakage tanks are also shown in Table 
II. It is of interest to note the small 
percentage of fixed suspended solids, 
indicating the high organic content of 
starch waste. Strength of the waste is 
several times that of domestic sewage. 
During this study, which did not rep- 
resent average conditions, the sewered 
population equivalent per 1,000 Ib. of 
potatoes processed was 39 based on 
B.O.D. and 65 based on suspended 
solids. 


Discussion 

Characteristics of the type of potato 
being processed will affect the quan- 
tity and quality of waste produced. 
The rougher the potato, the more will 
be removed to produce a product suit- 
able for slicing. From about 7 to 30 
per cent of the potato may be removed 
during peeling ; average conditions will 
approximate 20 per cent. 

The solids content of potatoes may 
vary from about 15 to 30 per cent; the 
Idaho type has the highest content and 
Rocky Mountain varieties the lowest. 
Eastern varieties are intermediate (2). 
Other factors, such as seasonal varia- 
tion, storage, and method of growing, 


Suspended Solids Pop. Equiv. 


Fixed 
(%) 


Total 
(p.p.m.) 


Vol. 


(p.p.m.) B.O.D. 


1,120 


1,004 | 10.3 6.8 


4,068 | 4,024 1.1 


3 
: 
‘ 
~ 
: 
ae . TABLE II. —Potato Chip Processing Wastes per Production Unit of 1,000 Pounds Potatoes 
234 | 8 | 10.9 
554 —- | — —- | — 39.1 65.2 
: 


POTATO CHIP WASTES 


Per Ton of Potatoes 


Flow (gal.) 
B.0.D. (p.p.m.) 

B.O.D. (Ib./ton) 

B.O.D. (lb./ton/% loss) 

B.0.D. (Ib./lb. dry potato solids lost) 
Suspended solids (p.p.m.) 

Suspended solids (Ib./ton) 

Suspended solids (Ib./ton/% loss) 

Suspended solids (lb./Ib. dry potato solids lost) 


dration® 4 
468 600 640 2,500 
580 4,000 | 2,020 1,000 
2.264 20 10.8 20 

0.32 1.0 

0.11 0.20 

1,120 18,000 4,068 1,500 
4.37 90 21.7 30 

0.63 4.5 

0. 


'7 per cent loss; 15 per cent potato solids. 


2 20 per cent loss; 25 per cent potato solids. 


3 From reference (2). 


also influence solids composition; 25 
per cent solids may be taken to repre- 
sent the average. At the time of this 
study, California White Shafter po- 
tatoes from the new crop were used, re- 
sulting in only 7 per cent loss through 
the peeler. The solids content was 15 
per cent. The plant manager stated 
that with older potatoes the amount of 
peelings removed might more than 
double to obtain a smooth clean prod- 
uct suitable for slicing. 

A more useful value for evaluating 
the amount of pollution normally dis- 
charged by a potato chip plant would 
be that based on an average type of 
potato—25 per cent solids and 20 per 
cent loss through peeling operations. 
To arrive at such a value present data 
were calculated on a solids basis (Ta- 
ble I11). The pounds B.O.D. in the 
peeling waste per pound of dry potato 
solids was 0.11 and, similarly, the 
pounds suspended solids discharged 
per pound of dry solids wasted was 
0.22. Applying these values to aver- 
age conditions as given previously, the 
population equivalent of peeler wastes 
from 1,000 lb. of potatoes processed 
would be 33 based on B.O.D. and 66 
on suspended solids. Wash and soak- 


age wastes (Table II) gave population 
equivalents, per 1,000 lb. of potatoes 
handled, of 32 for B.O.D. and 54 for 


suspended solids. This results in a 
total waste equivalent for each 1,000 
lb. of potatoes of 65 based on B.O.D. 
and 120 based on suspended solids. 

These data were compared with po- 
tato dehydration wastes presented by 
tray and Ludwig (2). Because the 
suspended solids (Table III) and set- 
tleable solids (185 ml. per 1.—1 hr.) 
of peeler waste from the preparation 
of potatoes for dehydration ran much 
higher than in potato chip preparation 
wastes, it appears that the potato re- 
ceived rougher treatment in the for- 
mer process, thereby causing the po- 
tato solids to be larger and measured 
as settleable and suspended solids. Re- 
ferring to Table IIT, it will be noted 
that pounds of B.O.D. per pound of po- 
tato solids lost in potato chip peeler op- 
eration was 0.11 as compared to 0.20 
Ib. with a similar process preparing 
potatoes for dehydration. 

Potato chip soakage tank waste indi- 
cated 10.8 lb. B.O.D. per ton, as com- 
pared to 20 lb. from spray washing 
operation prior to dehydration. Like- 
wise, the pounds of suspended solids 
per ton of potatoes processed were 21.7 
for this study and 30 for the dehydra- 
tion wastes. The correlation of wastes 
from the potato chip process and po- 
tato dehydration preparation appears 
reasonable, considering the wide varia- 
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tion in types of potatoes and methods 
of processing. 


Summary 


A study was made over the operat- 
ing cycle of a potato chip plant to de- 
termine unit production pollution fac- 
tors. Based on potatoes having 25 per 
cent solids content and 20 per cent 
weight loss through peeling operations 
—an average condition—the following 
appear to be reasonable estimates for 
appraising potato chip processing 
wastes : 

Pop. Equiv. per 
1,000 lb, Potatoes 

Type of Process B.O.D. Susp. Sol. 
Potato peeling 33 66 
Soakage and wash 32 54 


Total j 120 
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NEW ENGLAND INDUSTRIAL WASTES INVENTORY 


‘* Industrial Wastes in the New Eng- 
land Interstate Water Pollution Con- 
trol Compact Area,’’ a comprehensive 
summary of two detailed industrial 
wastes surveys conducted under the 
sponsorship of the Commission, has re- 
cently been issued. The surveys were 
made to determine the kind, location, 
and concentration of industrial plants, 
the various types and quantities of in- 
dustrial waste effluents, and their dis- 
posal. The report is designed to pre- 
sent an over-all picture of the indus- 
trial waste problem in the area and the 
relative importance of each industry in 
the pollution control program. 


The survey data were obtained from 
state water pollution control agencies, 
city and town engineers in some of 
the larger manufacturing communities, 
and officials of many industrial plants. 
Included in the surveys were 2,775 
plants, of which 1,939 had processes re- 
sulting in the discharge of liquid 
wastes. 

The surveys were conducted and the 
report prepared by Professor Henry 
Campbell, head, Dept. of Civil Engi- 
neering, University of Rhode Island, as- 
sisted by the staff of the University’s 
Engineering Experiment Station. 
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RAG, ROPE, AND JUTE WASTES FROM SPECIALTY 
PAPER MILLS * 


V. Treatment by Aeration 


By Rupboirs N. L. NEMEROW 


Rutgers University, New Brunswick, N. J. 


More energy is liberated from aerobic 
decomposition of organic matter than 
from anaerobic decomposition, hence, 
breakdown of the organie compounds 
into simple gases and water is more 
complete in aerobie processes. It fol- 
lows that the resulting B.O.D.’s of 
aerobic treated wastes should be con- 
siderably lower than anaerobic effluents 
after equal periods of decomposition, 
provided a waste is amenable to aerobic 
treatment. A convenient method for 
determining whether a waste is amen- 
able to aerobic biological stabilization 
is to measure directly the oxygen 
utilized by the waste solution. 

The objects of the studies reported in 
this paper were to determine the effect 
of a number of environmental factors 
on the rate of oxidation of cooking and 
wash water waste mixtures, and to 
determine the degree of oxidation ob- 
tainable under optimum conditions 
with flocculent-growth (sludge) and 
dispersed-growth aeration methods. 


Nutrient Addition 


Because the cooking liquors and wash 
waters are deficient in nitrogen and 
phosphorus, sufficient diammonium 
acid phosphate was added to maintain 
a B.O.D.:N:P ratio of 20:1:1. The 
B.O.D. of mixtures of cooking liquors 
and first-hour wash water were about 
2,000 p.p.m. 


pH 
Direct oxidation studies showed that 
at a pH of 9.0 or below, rapid oxida- 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 


tion occurred, but practically none oc- 
curred above pH 10.0 (Figure 1). 
Continued aeration of the rope waste, 
adjusted to pH values of 9.0, 8.0, and 
7.0, resulted in a comparatively rapid 
change of pH and an equilibrium of 
about pH 8.5 after 48-hr. aeration 
(Figure 2). This seems to indicate 
that a pH value of 8.5 constitutes opti- 
mum conditions for aerobic treatment 
of the mixture of rope and wash-water 
waste. 


Waste Concentration 


Experiments with various concentra- 
tions of wastes showed that a waste con- 
centration of at least 2,000 p.p.m. 
B.O.D. (85 per cent of total strength) 
could be readily oxidized. This is il- 
lustrated in Figure 3, where an 85 per 
cent waste concentration is compared 
with a 50 per cent concentration. 


Seed Adaptation 


To obtain maximum oxidation of the 
organic matter in the waste, the organ- 
isms responsible for the oxidation must 
be adapted to the food and environ- 
ment. The effect of adapted seed is il- 
lustrated in Figure 4. The adapted 
seed produced a higher rate of oxida- 
tion than did the unadapted seed. The 
quantity of seed material also affects 
the rate of rope waste oxidation. To 
determine the minimum quantity of 
seed material required, various per- 
centages of seed were added. The re- 
sults (Figure 4) show that, in general, 
increased quantities of seed resulted in 
increased rates of rope waste oxidation, 
but that the increase with seed addition 
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FIGURE 1.—Effect of pH on oxidation of rope waste. 


of more than 25 per cent by volume is 
comparatively small, 


Dispersed-Growth Aeration 


Heukelekian (2) states that the treat- 
ment of strong wastes by the activated 
sludge process is difficult. The sludge 
disperses or bulks. The treatment 
process by nonfloceulent growths (or 
dispersed-growth aeration) consists of 


inoculation of the waste with a soil 
or other suitable bacterial suspension 
and aeration. At the end of the aera- 
tion period, settleable solids, if pro- 
duced, are settled, and a portion of the 
settled liquor is retained for seeding 
purposes. He further states that the 
B.0.D. reduction by this process de- 
pends upon the B.O.D. of the raw waste 
and the time of aeration. He found 80 
per cent B.O.D. reduction in 24 hr. 
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with wastes containing an initial B.O.D. 
of up to 3,000 p.p.m. using air at the 
rate of 2 cu. ft. per gallon of waste per 
hour. 

Numerous experiments conducted 
with dispersed growth aeration of rope 
waste at 20° C. resulted in B.O.D. re- 
duction of 60 to 70 per cent in 24 hr. 
The average results of 7 experimental 
runs with an air supply of 2.75 eu. ft. 
per gallon per hour at a temperature of 
20° ©. illustrates this point (Figure 
5). No matter how well the seed was 
adapted, the B.O.D. reduction did not 
exceed 72 per cent. 

The method of seed adaptation con- 
sisted of gradually decreasing the quan- 
tity of fresh sewage added to the 
aerator each day and increasing pro- 
portionately the quantity of returned 
supernatant seed. The adaptation pe- 
riod was usually continued for at least 
one week, with daily settling and re- 
turn of supernatant and fresh sewage 
additions to new rope waste. <A very 
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active dispersed-growth seed was de- 
veloped in this manner. 


Air Rate 


The maximum of B.O.D. reduction 
in the presence of dispersed-growth 
seed after 24-hr. aeration was obtained 
with an air rate of 2.75 cu. ft. per gal- 
lon of waste per hour at 20° C. When 
the air rate was lowered to 2 cu. ft. the 
same reduction in B.O.D. was obtained, 
but when the air rate was lowered to 
1.1 eu. ft. the B.O.D. reduction was de- 
creased to 67.5 per cent. Further re- 
duction of air decreased the percentage 
B.O.D. reduction, but not in proportion 
to the reduction in air (Figure 6). 
From the results it appears that to 
obtain maximum B.O.D. reduction the 
air supply must be in the neighborhood 
of 2 cu. ft. per gallon per hour, but that 
the air consumption can be cut to as 
low as one-fourth of the optimum with 
a resulting sacrifice of about 10 per 
cent in B.O.D. removal. The results 
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FIGURE 2.—Change in pH values during oxidation of rope waste. 
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further indicate that it is comparatively 
easy to remove some 60 per cent of the 
B.O.D., and, if warranted, considerable 
economy in air consumption can be 
made. 


Temperature 


Several separate experiments con- 
ducted at 35° C., in the presence of 
dispersed-growth seed and a 24-hr. 
aeration period with an air rate of 2 
cu. ft. per gallon per hour, showed that 
this treatment process consistently re- 
duced the B.O.D. at least 85 per cent. 
This increase from 60 to 70 per cent re- 
duction at 20° C. to 85 per cent reduc- 
tion at 35° C. is sufficient to make this 
method of treatment practical. When 
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compared to anaerobic digestion of 
rope waste, the detention period re- 
quired is one-sixth as long and the 
B.0O.D. reduction about 15 per cent 
higher, with an effluent B.O.D. of from 
300 to 350 p.p.m. 


Sludge Seeding 


The return of the settled sludge from 
the aeration devices (floceulent growth) 
rather than supernatant seed (dis- 
persed growth) resulted in somewhat 
better 24-hr. B.O.D. reductions. This 
method was found to remove consist- 
ently more than 90 per cent of the 
B.O.D. after 24-hr. aeration (Figure 
7). However, the actual reduction of 
B.O.D. by oxidation in the presence of 
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FIGURE 3.—Effect of increased neutralized, minerally fortified, rope waste on the 
oxidation rate of waste aerated with adapted seed. 
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sludge seeding appeared almost iden- 
tical with that which occurred in the 
presence of dispersed-growth seed. 
The increase in the total B.O.D. reduc- 
tions with sludge seeding appeared to 
be the result of adsorption of organic 
material on the sludge after the initial 
mixing of the sludge seed with the raw 
waste. A part of the adsorbed material 
was subsequently oxidized when the 
sludge was returned and reaerated. 
It is doubtful whether the additional 


24 
HRS. OXIDATION 


FIGURE 4.—Effect of seed adaptation on the oxidation rate of neutralized and nutrient 
(N and P) fortified rope waste. 


32 40 48 


B.0O.D, reduction warrants the use of 
the flocculent-growth method when all 
the inherent difficulties of bulking, 
clogging, sludge disposal, and control 
are considered. 

It is possible to decrease the total air 
consumption by reducing the time of 
aeration and, hence, the detention time 
of the waste in the aerator. Reduction 
in aeration time results in a lower 
B.O.D. removal, but not in direct pro- 
portion to the decrease in detention 
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FIGURE 5.—Effect of aeration time on B.O.D. reduction at 20° C. and air supply of 
2.75 cu. ft. per gallon per hour. 


time. This is best expressed by the 
following values, which show the effect 
of short aeration periods at 35° C. on 
the B.O.D. reduction of rope waste : 


B.O.D. Reduction (%) 
Dispersed-Growth 
Seeding 


Aeration 
Time 
(hr.) Sludge Seeding 

6 75 38 
12 87 57 
24 97 86 


It is evident that with sludge seed- 
ing (floceulent growth) the aeration pe- 
riod can be reduced considerably with- 
out greatly affecting B.O.D. reduction. 
This is not so when the waste is aerated 
in the presence of dispersed-growth 
seed. It may be deduced that the 
sludge aids in bringing the food in 
closer contact with the organisms in a 
shorter time than the dispersed-growth 
seed, probably because of adsorption 
of the food on the sludge. 


Aeration of Rag, Rope, and Jute 
Wastes Under Optimum Conditions 


Experiments with rag, rope, and jute 
wastes liquors and wash-water mixtures 
in the presence of floceculent or dis- 
persed seed with continuous daily addi- 
tion for at least a week after the seed 
had been fully adapted showed that, 
in general, floceulent-growth (sludge) 
seeding was more effective than dis- 
persed-growth seeding during the first 
4 to 6 days of aeration (Figures 8, 9, 
and 10). After the first and succeed- 
ing aeration periods the sludge seeding 
became less effective than dispersed- 
growth seeding, probably because the 
absorbing capacity of the sludge was 
reached after 4 or more days and dis- 
persion of some of the organic matter 
in the floc occurred. In other words, 
the rate of oxidation of the adsorbed 
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organic matter did not keep pace with 
the rate of adsorption of new organic 
substances. When the sludges were re- 
moved and aerated alone for a 24-hr. 
period, the activity of the sludge was 
renewed. Contrarily, the B.O.D. re- 
duction with dispersed-growth seed in- 
creased with each daily transfer. 

At the end of the eighth successive 
24-hr. transfer with dispersed-growth 
aeration, the rag waste B.O.D. was re- 
duced 92 per cent (Figure 8), the rope 
waste 78 per cent (Figure 9), and the 
jute waste 96 per cent (Figure 10), in- 
dicating that both rag and jute wastes 
are more amenable to biological treat- 
ment than is rope waste. When the 


sludge seed was kept fully activated 
with separate reaeration, corresponding 
B.O.D. reductions for sludge seeding 
were 93, 85, and 98 per cent. 
Obviously, very high percentages of 
B.O.D. reduction can be obtained with 
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both methods of aeration of jute and 
rag wastes. The rope waste B.O.D. re- 
duction with dispersed growth was 
better than previously recorded, ob- 
viously because increased adaptation of 
the dispersed-growth seed took place. 
The increased adaptation occurred also 
without the addition of fresh sewage ; 
hence, seed adaptation and activity can 
inerease without the continuous addi- 
tion of fresh sewage. 

Only the dispersed-growth seed ac- 
tivity of the rope waste had reached its 
optimum at the end of the eighth con- 
secutive 24-hr. aeration period. The 
other two seed materials (jute and rag) 
were still increasing in activity. Pos- 
sibly they would prove as efficient as, 
if not more efficient than sludge seeding 
after a long adaptation period. In any 
event, aeration of rag, rope, and jute 
cooking liquors and wash-water waste 
mixtures in the presence of either dis- 
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FIGURE 7.—Effect of temperature and type of seeding on B.O.D. reduction 
with dispersed-growth aeration. 


persed-growth or separately reaerated 
sludge seed is capable of producing a 
high degree of stabilization of the 
wastes. In fact, in some eases the 
aerators were underloaded, which led to 
the idea of aerating the cook liquors 
alone. 


Aeration of Cooking Liquors 


A series of experiments was con- 
ducted with sludge and dispersed- 
growth aeration of rag, rope, and jute 
cooking liquors under optimum condi- 
tions. The results show that with 
either sludge or dispersed-growth seed 
aeration of rag and rope cooking liq- 
uors, a voluminous and stable foam re- 
sulted with relatively low B.O.D. re- 
duction. The foam formation was so 
excessive that the aeration methods of 
the rag and rope cooking liquors were 


considered impractical. However, it 
was possible to treat the jute cooking 
liquor by dispersed-growth aeration. 
With an aeration period of 24 hr., a 
B.O.D. reduction of 85 per cent could 
be obtained, leaving about 480 p.p.m. 
B.O.D. in the effluent. Loadings of 0,15 
Ib. B.O.D. per cubic foot of aeration 
eapacity per day were used to obtain 
85 per cent B.O.D. reduction, or about 
three times the maximum loading with 
one-half the detention time required in 
anaerobic digestion. 


Summary 


Experiments on oxidation of rag, 
rope, and jute cooking liquors and 
wash-water wastes with  flocculent 
(sludge) and dispersed growths under 
optimum conditions, and experiments 
related to the main factors affecting the 
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FIGURE 8.—Comparison of B.O.D. reduction with continuous aeration of rag waste 
in the presence of dispersed-growth and sludge seed. 
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FIGURE 9.—Comparison of B.O.D. reduction with continuous aeration of rope waste 
in the presence of dispersed-growth and sludge seed. 
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FIGURE 10.—Comparison of B.O.D. reduction with continuous aeration of jute waste 
in the presence of dispersed-growth and sludge seed. 


rate of oxidation, show that aerobic 
biological methods of treatment of these 
wastes were effective in reducing the 
B.O.D. of the wastes. Aeration of mix- 
tures of cooking liquors and the first 
hour of wash water in the presence of 
sludge floc appeared to be slightly more 
effective, but less dependable, than 
aeration in the presence of dispersed 
growth for reduction of B.O.D. The 
more important factors affecting the 
rate of oxidation of the wastes are pH, 
nutrients (N and P), seed adaptation, 
air supply, and temperature. At opti- 
mum conditions, B.O.D. reduction of 
mixed wastes with a B.O.D. concentra- 
tion of about 2,000 p.p.m., in the pres- 
ence of dispersed growth was 78 to 96 


per cent, and with sludge floe 90 to 98 
per cent, depending primarily upon 
adaptation of seed, after 24-hr. aera- 


tion. All mixed wastes and the jute 
cooking liquors could be treated by 
either type of aeration, whereas rope 
and rag cooking liquor could not be 
readily treated because of excessive 
voluminous and stable foam formation. 
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Stream Pollution 


QUANTITATIVE ESTIMATION OF SALMONELLA 
IN IRRIGATION WATER 


By S. G. Dunuop, R. M. Twept, anp WeN-LAN Lou Wana 


Associate Professor of Microbiology, Research Assistant, and Graduate Assistant, 
respectively, University of Colorado School of Medicine, Denver, Colo. 


In a previous paper (1) the authors 
reported the isolation of naturally-oc- 
eurring Salmonella organisms from 23 
of 113 samples of sewage-contaminated 
irrigation water. Attempts to isolate 
pathogens from 45 samples of celery, 
lettuce, and cabbage, however, vielded 
no positives. The methods used in this 
preliminary study were not strictly 
quantitative, and as the practical ap- 
plication of this research depends on 
the numerical relationship of the path- 
ogens to the common index organisms, 
coliforms and enterococci, attempts 
have been made to develop quantita- 
tive techniques for the isolation of 
Salmonella. 


Methods and Results 


Although Salmonella had been iso- 
lated on oceasion from 1-, 10-, and 
100-ml. inocula in the previous study, 
the 1-1. samples had consistently been 
negative. However, the methods used 
for handling the different volumes were 
not the same, and the Seitz pads em- 
ployed with 100-ml. inocula were not 
satisfactory for large samples of 1 1. or 
more. Furthermore, using pure cul- 
tures of Salmonella, it appeared that 
many of the organisms were lost in the 
Seitz filtration and a large proportion 
were lost in the Foerst centrifugation. 
Finally, the efficiency of the tetra- 
thionate broth-bismuth sulfite plate 
combination was not completely satis- 
factory. 

To test further the loss of Salmonella 
in filtration through Seitz pads, a num- 


ber of experiments were performed 
with pure cultures, employing disinte- 
gration and trituration of the pad and 
even reverse flushing with sterile wa- 
ter. In none of these was there re- 
covery of more than 15 per cent of the 
organisms added. It would appear, 
therefore, that many of the organisms 
were killed or injured by the filtration, 
because even when the disintegrated 
pads were plated out the organisms did 
not grow. 

Efforts were then made to apply 
chemical flocculation prior to centrifu- 
gation in a Foerst continuous cen- 
trifuge and in a conventional hori- 
zontal centrifuge. It was found that 
flocculation with ferric sulfate at a pH 
of 9.0 gave better recoveries of coli- 
form organisms than either aluminum 
sulfate or ferric chloride. The alumi- 
num sulfate even seemed to have a bac- 
tericidal effect on the organisms. Floe- 
culation, however, even with ferric 
sulfate, was of much lesser value with 
the Foerst centrifuge than with the 
horizontal type. 

Galton et al. (2) reported an in- 
creased recovery of Salmonella from 
dog feces through the addition of so- 
dium sulfathiazole to Kauffmann’s bril- 
liant-green-tetrathionate broth, pre- 
pared by modifying Difco tetrathion- 
ate broth base (3). They also reported 
good results in streaking from this en- 
richment medium to brilliant-green 
agar plates. Accordingly, experiments 
were set up to compare the recovery 
of Salmonella from naturally-contami- 
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nated irrigation water with ordinary 
Difeo tetrathionate broth and with 
Galton’s modification, and at the same 
time to compare three plating media— 
brilliant-green, bismuth sulfite, and SS 
agars (Difco). The three plating media 
were streaked from the enrichment 
broths at 9, 18, and 24 hr. with the 
following conclusions: 


1. The modified tetrathionate broth 
gave a greater number of isolations of 
Salmonella than did the ordinary tetra- 
thionate broth. 

2. More Salmonella were recovered 
from brilliant-green agar plates than 
from either bismuth sulfite or SS, the 
SS plates appearing to be the poorest 
of the three. 

4. Contrary to experience in the 
1950 investigations the 18- and 24-hr. 
incubations of enrichment broths were 
more productive than the 9-hr. period. 

4. Centrifugation in the Foerst con- 
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tinuous centrifuge yielded just as 
many if not more pathogens than floc- 
culation followed by centrifugation in 
the International centrifuge. 


Up to this time the methods used in 
these studies for recovering Salmonella 
from water or vegetable washings had 
largely been semi-quantitative. It was 
now possible to give greater attention 
to the quantitative aspects of the meth- 
ods. As the volume of sediment ob- 
tained from the continuous centrifuge 
could be related to the original volume 
of water used, the multiple-tube-dilu- 
tion technique, in geometric series, was 
tried on the sediment. That is, three 
1-ml. portions, three 0.1-ml., and three 
0.01-ml. quantities of sediment were 
inoculated into tubes of Kauffmann’s 
tetrathionate broth, single strength, as 
modified by Galton. At the same time, 
in many of the experiments, sediments 
obtained by flocculation with ferric 


TABLE I.— Quantitative Determinations of Salmonella in Irrigation Water (Foerst and 
International Centrifuged Sediments Inoculated into Modified Tetrathionate 
Broth, 3 Tubes Each of 1.0, 0.1, and 0.01 M1.) 


MPN per 100 MI., 
Corrected for Conc. 


of Tubes 
uant. ive in Seri 
of Water | Concen- ———— 
Centri- | tration 
fuged Ratio 
(ml.) 


Sample 


Type of 
Number 


Centrifuge 
Bril.- Bism. Bril.- Bism. 
Green Sulf. Green Sulf. 


Source 


So. Platte 333 
(York St.) 


60:1 | Foerst 


Internat. 


3,0,0 | 3,0,0 4 
2,0,0 0.6 


So. Platte 500 
(York St.) 


Foerst 
Internat. 


<0.036 


Gardeners’ 
Ditch 


3,000 Foerst 


Internat. 
Gardeners’ 1,000 Foerst 
Ditch 

(flume) 


Internat. 


Gardeners’ 1,000 | 100:1 | Foerst 
Ditch 


(Lammers) 


0.36 
<0.036 
<0.036 
<0.036 


| Internat. 


Gardeners’ Foerst 


Ditch <0.036 
(Clear Cr. Internat. : 23 
overflow) 0.9 


<0.036 


| 
397 18 
| 18 
400 100:1 20 | 200/)000) 0° | 
20 | 20,0] 000] 09 | <0.036 
| | 
401 | 18 | | 3,00] 15 7 
18 | 220] 0,00! 7 | <0.036 
: 
102 | 18" 3,1,0 | 1,1,0 4.3 0.7 
| 24 | 31,0] 1,10] 43 | 0.7 
18 | 310/010] 43 | 03 
} 24 2,1,0 1,0 1.4 0.7 
i, 403 18 | 0,0,0 | 1,0,0 | <0.036 : 
24 | 0,1,0 | 03 | 
i8 0,0,0 | 0,0,0 | <0.036 | 
i | 24 1,0,0 | 0,0,0 0.36 | 
405 | is | 0,00 | 000 | <0.036| 
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TABLE II.— Quantitative Determinations of Salmonella in Irrigation Water (Foerst 
Centrifuged Sediments Inoculated into Modified Tetrathionate 
Broth, 3 Tubes Each of 1.0, 0.1, and 0.01 M1.) 


Quant. 


Sample 


Source 
Number 


Type of 
Centri- 
fuge 


Number of Tubes 


MPN per 100 ML., 
Positive in Series 


Corrected for Conc. 


Incuba- 
tion of 
TT 


| 
Green 


Bril.- 
Green 


Bism. 
Sulf. 


Gardeners’ Ditch 
(Lammers) 


Rocky Mt. Ditch 
(Bacher’s) 


Clear Cr. 
(Hughstons) 


Petersburg 
Ditch (Naka- 
mura’s) 


417 | Gardeners’ Ditch 
| (Lammers) 


200:1 


sulfate and centrifuging in the Inter- 
national centrifuge (1,500 r.p.m. for 
15 min. in size No. 2) were similarly 
inoculated into the enrichment me- 
dium. After 18- and 24-hr. incuba- 
tion at 37° C., a large loopful of each 
enrichment growth was streaked on 
brilliant-green and bismuth sulfite agar 
plates, which were incubated for 20 to 
24 hr. at 37° C. Representative colo- 
nies typical of Salmonella were picked 
to Christensen’s urea agar (Difco) to 
eliminate Proteus and some of the 
paracolon organisms; cultures which 
showed no alkalinity on this medium 
within 24 hours were transferred to 
triple sugar iron agar. Final identifi- 
cation included the usual biochemical 
tests for Salmonella and agglutination 
with polyvalent Salmonella antiserum, 
according to the method of Hajna and 
Damon (4). All positive cultures were 
confirmed and identified as to species 
by the Communicable Disease Center, 
U.S.P.H.S., Chamblee, Ga. 

Tables I and II show the results of 
these experiments. In general the tech- 
nique worked quite well, the largest 
inoculum showing the greatest number 
of positives and the smallest inoculum, 


Foerst 18 


Foerst 18 


Foerst. 18 


Foerst 18 


Foerst 18 


3,1,0 
24 | 3,3,0 


3,2,0 
0,0,0 


0,0,0 
24 0,0,0 


0,0,0 
0,0,0 


0,0,0 
24 0,0,0 


0,0,0 
0,0,0 


0,0,0 
24 0,0,0 


0,0,0 
0,0,0 


3,0,0 
24 2,0,0 


1,0,0 
3,0,0 


0.45 


the least positives. By assuming that 
one Salmonella could produce a posi- 
tive tube in order to use the most 
probable numbers tables (5), and cor- 
recting for concentration, quantitative 
data on the number of Salmonella per 
100 ml. of original water were ob- 
tained. Eight out of 11 samples of 
irrigation water were positive for Sal- 
monella. The median value for all 11 
samples was 0.9 Salmonella per 100 ml. 
In the six experiments in which two 
types of centrifugation were compared, 
the Foerst gave higher counts of patho- 
gens than the International in three 
experiments; the International was 
higher than the Foerst in one; and in 
two experiments the counts were essen- 
tially the same. 

It may be concluded from these ex- 
periments that for practical purposes 
centrifugation in the Foerst is just as 
satisfactory as flocculation and cen- 
trifuging at 1,500 r.p.m. in the Inter- 
national. At the same time it is much 
faster and simpler to handle large 
quantities in the Foerst. Again, the 
brilliant-green agar in general gave 
more isolations than bismuth sulfite 
agar, although this was not always the 


of Water | Concen- 
12 <0.036 
| | 
409 2,000 | 200:1 <0.036 | <0.036 
| <0.036 | <0.036 
411 2,000 | 200:1 P| <0.036 | <0.036 
| <0.036 | <0.036 
413 2,000 | <0.036 | <0.036 
| <0.036 | <0.036 
| | 
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ease. Finally, the application of the 
multiple-tube-dilution technique with 
the sediment was shown to be entirely 
feasible. 

Table III shows the results of coli- 
form and enterocoecus counts on the 
samples just discussed. The median, 
high, and low values for both coliforms 
and enterococci were much higher in 
the 8 samples which were positive for 
Salmonella than the arithmetic aver- 
ages and the high and low values ob- 
tained on the 3 Salmonella negative 
samples. The sample (No. 401) which 
gave the highest number of Salmonella, 
15 per 100 ml., also showed the highest 
coliform and enterococci counts. Like- 
wise, the sample which had the lowest 
coliform and enterococci counts was 
negative for Salmonella (No. 411). 
Ratios of coliforms to Salmonella and 
enterococci to Salmonella of 255,000:1 
and 4,800:1, respectively, may be com- 
puted from the median values obtained 
from all 11 samples. Median values 
for coliforms and enterococci show a 
ratio of 54:1. 

With the advent of the harvest sea- 
son these techniques were applied to 
the washings from celery, cabbage, cor- 
rots, and onions picked up directly 
from the fields of various farms in the 
irrigated area. Plants were removed 
from the ground by placing a sterile 
paper bag over the entire plant and 
either twisting it from the roots or 
pulling the whole plant up without 
touching it directly with the hands. 
With sterile forceps and knife, 200 to 
500 g. of the edible portion of each 
sample were transferred to a sterile 
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serew-capped gallon jar. Sufficient 
sterile tap water was added to make a 
1:10 mixture, which was allowed to 
stand 10 min. before being shaken 
vigorously 50 times. The washings 
were then centrifuged in the Foerst 
continuous centrifuge; the sediment 
was made up to a definite volume, and 
either 4 or 5 tubes of modified tetra- 
thionate broth were inoculated, each 
with 1 ml. of the suspended sediment. 
The total quantity of sediment so in- 
oeculated in each case represented 83.3 
¢. of the original vegetable. The re- 
maining sediment was used for coli- 
form and enterococcus counts, and for 
animal parasite determinations. Of 
14 samples of vegetables processed in 
this way only one was positive for Sal- 
monella. This was a sample of celery 
from the first farm on Gardeners’ 
Ditech. The ealeulated MPN value for 
this one sample was 1.32 Salmonella 
per 100 g. of vegetable. 

Rudolfs (6) has emphasized the diffi- 
culty in removing coliform organisms 
from vegetables by simple washing and 
has suggested the alternative of blend- 
ing the vegetables in a Waring blender. 
Therefore, we compared the recoveries 
of Salmonella, of coliforms, and of en- 
terocoeci obtained by direct washing 
and by blending. In addition to the 
washing procedure just described, 100 
g. of each of the same samples of vege- 
tables were blended with 900 ml. of 
sterile tap water for 90 see. in a War- 
ing blender. This mixture was cen- 
trifuged in the continuous centrifuge 
and the sediment was made up to a 
definite volume. Again, 4 or 5 tubes 


TABLE III.—Summary of Most Probable Numbers of Coliform Organisms and Enterococci 
in Irrigation Water, Samples 397-417 (MPN Counts in Thousands per 100 M1.) 


All Samples 


Salmonella Positive Salmonella Negative 


Coli Entero 


Coli Entero Coli Entero 


Median 
High 
Low 


230 
> 11,000 
15 


4.3 
93 
0.093 


> 11,000 


230 34! 
43 
15 


0.32! 
0.43 


23 0.093 


1 Arithmetic average. 


| 
ag 
| 
| 
| 
= 
= 
= = 
= 
| 
— 
= 
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TABLE IV.—Comparison of Coliform and Enterococci Counts on 
Vegetables Using Direct Washing and Blending 


Sample 


Vegetable 


Irrigation Source 


Coliform Counts Enterococci 
(MPN/100 g.) (MPN /100 g.) 


Blending Washing 


Celery 
Celery 
Cabbage 
Celery 
Celery and 
broccoli 
Celery 
Carrots 
Onions 
Celery 
Celery 
Cabbage 
| Celery 
Celery 
Celery 


Gardeners’ Ditch 
Gardeners’ Ditch 
Gardeners’ Ditch 
Gardeners’ Ditch 
Rocky Mt. Ditch 


Clear Creek 
Petersburg Ditch 
Petersburg Ditch 
Gardeners’ Ditch 
Gardeners’ Ditch 
Slough Ditch 
Slough Ditch 
Fisher’s Ditch 
Fisher’s Ditch 


258,000 <2 
138,000 
<18 
105,000 
45 


1,380 


1 Salmonella montevideo isolated. 


of modified tetrathionate broth were 
inoculated, each with 1 ml. of the sus- 
pended sediment, the quantity inocu- 
lated representing 83.3 g. of vegetable 
as before. The remaining sediment 
was used for coliform and enterococeus 
counts. The Salmonella obtained from 
the single positive vegetable sample 
were recovered from simple washings 
and no pathogens were recovered from 
the blended sample. This, however, 
may be just chance. Examination of 
the coliform and enterococeus data 
(Table IV) shows no consistent trend 
in favor of either direct washing or 
blending. 

Because the portions of vegetables 
subjected to washing and the portions 
blended, although coming from the 
same original sample, could not be de- 
pended upon to be identically con- 
taminated, a modification designed to 
eliminate this objection was tried later 
on 8 samples of cabbage artificially 
contaminated with a fecal suspension 
added to irrigation water and allowed 
to dry at room temperature for 24 hr. 
Five hundred grams of each sample 
were washed with 2 1. of sterile tap 
water. One liter of the washings was 


centrifuged and the sediment run for 
coliforms and enterococci. The re- 
maining liter of washings and half 
the washed vegetables (250 g.) were 
blended, centrifuged, and the sediment 
likewise run for coliforms and entero- 
coeci. Again, no consistent trend could 
be demonstrated in favor of either 
washing or blending. 


Discussion 


Although the statistical calculations 
involved in the most probable numbers 
tables are based on the assumption that 
one organism will produce a positive 
tube, in biological techniques this is 
rarely if ever attained. It is impor- 
tant, then, to estimate the approximate 
number of organisms required to pro- 
duce growth in a given medium or to 
produce a positive in a certain pro- 
cedure. By using pure cultures of Sal- 
monella typhi-murium, triturated with 
sterile feces and suspended in sterile 
tap water, it was estimated that a me- 
dian value of 3 organisms is required 
to produce a positive tube by direct 
inoculation into modified tetrathionate 
broth and streaking on brilliant-green 
agar after 18- to 24-hr. incubation at 


Washing | | Blending 
404 | | 1,380,000 84 
406! 558,000 5,580 
408A 1,150 <2 
408B 1,150,000 <2 
410 36 <2 7 
412 | 5,500 8,000 <2 <2 
414 115,000 4,650 180 <18 
415 | <2 <2 45 <2 
418 | 4,650 11,500 <2 <2 
419 | 18 11,500 <2 <2 
421 | <2 455 <2 <2 
422 <2 1,150,000 <2 <2 
425 | >5,500,000 | >5,500,000 <2 <2 
426 | 11,500 115,000 <2 <2 
| 
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37° C. If the suspension is centrifuged 
in the Foerst continuous centrifuge 
and the sediment is inoculated, a me- 
dian value of 22 organisms is required. 
This difference probably results from 
a number of factors: the efficiency of 
the centrifuge, the effect, if any, on the 
organisms of centrifuging at rather 
high speed (15,000 r.p.m.), and the 
effect on the enrichment medium of a 
relatively greater amount of organic 
matter in the sediment. At any rate, 
it seems probable that the quantitative 
values obtained from the water sam- 
ples may be somewhat low. 

The finding of a significant number 
of irrigation water samples positive for 
Salmonella, while the vegetables irri- 
gated with this water do not show sig- 
nificant contamination, is in line with 
previous experience. Possible reasons 
for this have already been discussed 
ct). 


Summary and Conclusions 


A quantitative method has been de- 
veloped for the estimation of Salmo- 
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nella in sewage-contaminated irriga- 
tion water. Of 11 samples of irriga- 
tion water, 8 were positive for Salmo- 
nella. The median value for all 11 
samples was 0.9 Salmonella per 100 ml. 
Only 1 of 14 samples of vegetables irri- 
vated with this water was positive for 
these organisms. 

Ratios of 255,000 coliforms and 4,800 
enterococci to one Salmonella were 
computed from the median values ob- 
tained from the water samples. In 
comparing coliform and enterococcus 
counts from vegetables subjected to 
washing and blending, no consistent 
trend was shown in favor of either 
method. 
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The Rio Grande forms about 1,240 
mi. of the international boundary be- 
tween the United States and Mexico. 
Therefore, the various phases of its con- 
trol are of definite concern to the two 
countries. Actual boundary problems 
are handled by the International 
Boundary and Water Commission, 
United States and Mexico. However, 
the Rio Grande traverses the entire 
length of the state of New Mexico 
before it becomes the international 
boundary in the vicinity of El Paso, 
Tex. The purpose of this paper, there- 
fore, is to present the current situation 
on water pollution control in this drain- 
age basin in New Mexico. 


Basin Description 


Historically the Rio Grande Valley 
in New Mexico is the oldest continu- 
ously settled area in the United States. 
Life in this area has been dependent on 
water as a limiting factor in the prog- 
ress of development, and all water 
rights have been taken through basic 
water law derived from the appropria- 
tion doctrine of prior use. The demand 
for additional water has made the re- 
use of waters and the construction of 
reservoir storage projects important to 
continued prosperity in the basin. 

The main stem of the Rio Grande 
and its major tributary, the Pecos 
River, have an all-inclusive basin that 
covers more than one-half of the 122,- 
634 sq. mi. comprising New Mexico. 
However, as some of this area has closed 
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desiccating basins with no connecting 
drainage to these rivers, actual tribu- 
tary drainage is only from about one- 
third of the state. The Rio Grande 
originates in 14,000-ft. mountains in 
south-central Colorado, flows 170 mi. 
to the northern New Mexico state line, 
and thence traverses the state in a 
southerly direction for about 470 mi. 
Likewise, the Pecos River rises in 13,- 
000-ft. mountains in north-central New 
Mexico, flows southward for approx- 
imately 425 mi. to the Texas state line, 
and continues 330 mi. across Texas for 
confluence with the Rio Grande. 

Rainfall in the basin varies from as 
high as 35 in. per year in the northern 
mountains to less than 10 in. for a large 
portion of the drainage area. Runoff 
into Elephant Butte Reservoir, on the 
Rio Grande in south-central New Mex- 
ico, averages about 1,000,000 acre-ft. 
per year, and the discharge of the Pecos 
River at its mouth averaged 176,800 
acre-ft. per year from 1924 to 1946. 
Reservoir storage capacity on the Rio 
Grande in Colorado and New Mexico 
totals close to 3,000,000 acre-ft., where- 
as the Pecos River has a total of nearly 
500,000 acre-ft., of which Red Bluff 
reservoir, just on the Texas side of the 
state line, provides 307,000 acre-ft. 
These reservoirs regulate flow in the 
lower reaches of the state, so that dry 
stretches of river bed may result when 
no irrigation is in progress. 

Elephant Butte Reservoir, with an 
estimated current storage capacity of 
2,200,000 acre-ft., serves by far the 
largest irrigation project (Rio Grande 
Project, New Mexico-Texas), as 155,000 
acres of land make use of this water. 
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About 800,000 acre-ft. are required an- 
nually for irrigation and for provision 
of 60,000 acre-ft. to Mexico at Kl Paso 
as provided in the Mexican Treaty of 
1906. Total irrigated land in the Pecos 
and Rio Grande basins in New Mexico 
is approximately 550,000 acres. 

Three interstate river compacts con- 
trol the use of water in these rivers. 
The Rio Grande Compact is admin- 
istered by a commission composed of 
members from Colorado, New Mexico, 
‘Texas, and the Federal Government. 
The Pecos River Compact Commission 
is likewise administered by New Mex- 
ico, Texas, and the Federal Govern- 
ment. The third interstate agreement, 
the Costilla Creek Compact, is com- 
paratively minor in nature, as it only 
involves use of water between Colorado 
and New Mexico on a minor tributary 
of the Rio Grande. 


Water Uses 

Irrigation of agricultural crops is by 
far the major use of water on these 
streams in New Mexico. Introduction 
of cotton as a crop has proved to be 
highly successful in the southern part 
of the state, whereas alfalfa, grains, 
and grazing lands are predominant 
users in the other areas. Municipal 
water supply is a minor use, as in most 
instances water is obtained from wells. 
Although watering of stock is also a 
comparatively minor use, it is impor- 
tant that minimum flows are available 
to this large activity in the state. 
Water shortages have definitely limited 
industries that require large amounts, 
so it has not been possible for them 
to become established in the state to 
any great extent. Recreational use of 
streams is quite important in upper 
mountain reaches and in reservoirs for 
fishing, but swimming and boating are 
very limited. 


Water Shortage Problems 


The extreme water shortage condi- 
tions of the past two years have 
made proper stream pollution control 
measures particularly desirable. From 
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both the health and nuisance viewpoints, 
the situation is more serious when little 
or no dilution water is available. The 
draining of reservoirs has also created 
a problem in the disposal of dead fish, 
potentially a serious difficulty where 
large bodies of water are concerned. 
Although this situation fortunately did 
not arise at Elephant Butte, a federal 
court case arose from the situation that 
might result through complete drainage 
of this reservoir. Water shortages have 
accentuated any pollution problems 
and have required closer surveillance 
to alleviate or eliminate them. 


Current Status of Control 

Prior to 1945 only a few municipal 
sewage treatment plants existed in the 
Rio Grande and Pecos valleys of New 
Mexico, and the rapid growth of the 
state from a population of 531,818 in 
1940 to 677,152 in 1950 created an im- 
perative need for many new plants. 
This is particularly evident from the 
increase in urban population that is re- 
flected in the last 10-year census growth 
of Albuquerque from 35,499 to 97,012 
persons, of Roswell from 13,482 to 25,- 
572, and Carlsbad from 7,116 to 17,975. 
Educational work by the New Mexico 
Department of Public Health and the 
initiation of post-war construction proj- 
ects made a definite improvement in 
these conditions. Also, the entrance of 
the Federal Government into water 
pollution control activities by passage 
of Publie Law 845, 80th Congress, has 
aided New Mexico in obtaining addi- 
tional personnel, laboratory equipment, 
and closer coordination with the U. S. 
Public Health Service. 

Water pollution in New Mexico may 
be broadly classified as municipal 
wastes, industrial wastes, silt from soil 
erosion, and dissolved salts. The first 
two contaminants can in turn be elas- 
sified as man-made, whereas the last 
two are commonly called natural pol- 
lutants. 

The main channel of the Rio Grande 
in New Mexico is the ultimate drainage 
course for sewage effluent from about 
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160,000 persons ; actually there is norm- 
ally little chance for more than 130,000 
persons to contribute to this pollution, 
as some of the effluent is used for pur- 
poses that prevent direct return to the 
river. Of the total of 13 sewered com- 
munities that may contribute municipal 
wastes to the Rio Grande, 12 have pro- 
vided new or enlarged facilities since 
1946. All except two of these treat- 
ment plants have secondary biological 
treatment. The two exceptions have a 
total sewered population of less than 
1,800, and even they are provided with 
primary treatment that is considered 
to be satisfactory. 

The Pecos River in New Mexico re- 
ceives the treated sewage effluent from 
approximately 75,000 persons, but some 
of this is also normally used for irriga- 
tion so that it does not always discharge 
direct to the stream. Of the ten com- 
munities whose wastes reach the river, 
five have provided new or enlarged 
treatment plants in the past three years 
and two of the remaining sources are 
now considering enlargement and re- 
habilitation of their facilities. One 
small community (less than 1,000 per- 
sons connected to the sewers) is still 
discharging raw sewage to the river, 
but preliminary steps already have 
been taken toward elimination of this 
condition. All but one of the nine sew- 
age treatment plants that discharge ef- 
fluent to the Pecos River are provided 
with secondary biological treatment, 
and this one exception has less than 900 
sewered inhabitants. 

In the past, industrial waste pollu- 
tion problems have not been great in 
the state, as a large percentage of these 
wastes are connected to the municipal 
sewerage systems. These include milk 
pasteurization and dairy plants, 
slaughter and packing houses, laun- 
dries, small food processing plants, and 
various other small industries. How- 
ever, one gasoline refinery, two cotton 
delinting plants, and one large packing 
house have contributed partly-treated 
wastes for discharge to the Rio Grande. 

The gasoline refinery mentioned has 
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recently been eliminated as a pollution 
problem, as all liquid waste is now 
pumped to ponds for disposal by seep- 
age and evaporation. Elimination of 
this situation has minimized severe 
taste and odor problems that formerly 
existed in the El Paso, Tex., water sup- 
ply. In addition, water diverted at the 
Mexican Dam at El Paso for use in 
Mexico has also been improved in 
quality. 

A survey of the cotton delinting 
plants near Las Cruces, N. Mex., has 
revealed ne particular problem from 
the discharze of dilute acid waste to a 
drainage ditch, as a considerable vol- 
ume of water accumulates in the ditch 
prior to final discharge to the Rio 
Grande. Pretreatment of wastes at the 
large packing house near Albuquerque 
has prevented the creation of a problem 
from the discharge of this effluent to a 
large drainage ditch. 

The milling of radioactive ores and 
the production of radioisotopes in the 
Rio Grande basin is becoming a more 
important problem. Disposal of radio- 
isotopes has received very close super- 
vision in the past and research has 
made improved methods available for 
treatment prior to final disposal. Mill- 
ing of radioactive ores has only recently 
become established in the Rio Grande 
drainage area, and this development is 
being watched closely. 

Industrial wastes that do not reach 
the municipal sewers are minor in the 
Pecos River basin in New Mexico. The 
escape of gasoline refinery wastes from 
two adjacent plants to the river on sev- 
eral occasions has resulted in compara- 
tively local fish kill problems, but re- 
cent cooperation with these refineries 
has minimized the possibility of recur- 
rence of such situations. 

Both the Rio Grande and Pecos 
River carry large silt loads, as heavy 
spring runoffs from melting snows and 
sudden summer thunderstorms result 
in severe erosion of soil. Only an aver- 
age of 12,800 tons of silt is carried in 
the Rio Grande annually at the Colo- 
rado-New Mexico state line, hut 37,000,- 
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000 tons is picked up in New Mexico 
in the drainage area above Elephant 
Butte Reservoir. About 25,000,000 
tons of this silt is deposited annually 
in the main river bed, and most of the 
remaining 12,000,000 tons is deposited 
in the quiet waters of Elephant Butte. 
Measurements have indicated that one- 
fifth of the capacity of this reservoir 
has been lost through silting in the 
first 32 years of operation. The capac- 
ity of McMillan Reservoir on the Pecos 
River has also been seriously dimin- 
ished by silting. 

The Pecos River has a dissolved 
solids content of over 6,000 p.p.m. at 
its entrance into Red Bluff Reservoir 
on the Texas side of the state line. 
Much of this is due to natural salt 
deposit drainage that exists in the im- 
mediate upstream area in New Mexico, 
as surveys have indicated a sharp rise 
in the content in this part of the river. 
The U. S. Geological Survey and the 


New Mexico State Engineer have made 
an extensive survey of this situation 


and recommendations have been made 
for alleviation of the condition. How- 
ever, the cultivation of salt-resistant 
crops, such as cotton, in the valley be- 
low has not created a demand for action 
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so far. A comparison with the Rio 
Grande, with its much larger drainage 
area and a greater discharge, shows 
that at the confluence with the Pecos 
River it carries only about 1,300,000 
tons of dissolved solids annually, in 
contrast to the 1,600,000 tons from the 
Pecos. 


Future Outlook 


The demand for use of all available 
water in New Mexico, Texas, and the 
Republic of Mexico necessitates close 
control of pollution so that the max- 
imum usage of water may be obtained. 
This need has already been reflected in 
New Mexico through the constant de- 
mands for use of sewage effluents for 
irrigation. Growth of the Southwest 
can be expected to continue as it has 
in recent years, and this will result in 
the need for additional domestic sew- 
age and industrial waste treatment 
facilities in the future. The develop- 
ment of the atomic energy industry, and 
the growth and introduction of other 
industries, can be expected to create 
some additional waste problems. How- 
ever, continued and alert control can 
prevent extensive problems from being 
created. 
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THE OPERATOR’S CORNER 


Conpuctep By Hersert P. ORLAND 


FORESIGHT 


Karly in 1949, when Kerwin L. Mick, 
chief engineer and superintendent of 
the Minneapolis-St. Paul Sanitary Dis- 
trict, presented to his Board of Trustees 
a flood emergency program, he did so 
with the statement that it ‘‘probably 
never will be needed.’’ Nevertheless, 
his foresight in having the program 
prepared was to be vindicated in April, 
1951, when the flooding Mississippi 
River almost topped the plant’s protec- 
tive dike, and again in April, 1952, 
when the dike was topped by the larg- 
est flood on record and some 4 ft. of 
water covered the entire plant area. 

Details of the program, aimed at seal- 
ing the lower levels of the plant build- 
ings and all the connecting tunnels, 
were prepared by B. M. Storey, assist- 
ant engineer, and are given elsewhere 
in this ‘‘Corner.’’ The effectiveness of 
the planning and preparation is at- 
tested by the fact that almost all of the 
$5,000 damage caused by the flood was 
done to plant grounds and landscaping 
features, whereas the potential damage 
to plant buildings and equipment be- 
low the flood level was measured in 
millions of dollars. Private industries 
in the area suffered many times the 
amount of damage sustained by the 
sewage treatment plant, mostly due to 
lack of prepared flood emergency pro- 
grams. 

After a personal inspection of the 
plant during the flood’s crest, the chair- 
man and the secretary of the District’s 
Board of Trustees presented to the en- 
tire Board a communication describing 
the conditions as they found them. In 
this report they said: 


PAYS OFF 


“We believe that a great deal of credit 
is due Kerwin L. Mick, the District’s chief 
engineer, and the plant personnel, for the 
foresight and action taken to protect the 
sewage treatment plant from serious dam- 
age during the present disastrous flood. . . . 

“When one sees what could have hap- 
pened to the entire plant had not proper 
precautions been taken in ample time, one 
feels very grateful to the plant personnel. 
If the river had sueceeded in breaking in 
faster than it could have been pumped out, 
and the various basements and tunnels 
flooded, there is no doubt that extensive 
damage would have resulted to the equip- 
ment located therein. It is estimated that 
at present-day prices the value of equip- 
ment in the plant, much of which would 
have been submerged, is slightly in excess 
of $3,000,000. We believe it is fitting, 
therefore, that we, as a Board of Trustees, 
go on record as commending Mr. Mick and 
the plant personnel for the magnificent job 
they have done.” 


With this go also, we feel sure, the 
heartfelt commendations of fellow su- 
perintendents and operators, who recog- 
nize another example of unselfish devo- 
tion to duty in public employ in time of 


emergency. In addition, the ‘‘prob- 
ably-never-will-be-needed’’ aspect of 
the situation was not allowed to defer 
completion of a plan of action, so that 
it was ready at a moment’s notice when 
needed and the required materials and 
special fittings were on hand to do the 
job. 

Has your plant, faced with the same 
potential emergency situation, a simi- 
larly detailed and up-to-date plan of 
action ? 

H. P. O. 
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ADVANCE PLANNING CUTS FLOOD LOSS 


By Kerwin L. Mick ANp BENJAMIN M. StorEY 


Chief Engineer and Assistant Engineer, respectively, Minneapolis-St. Paul 
(Minn.) Sanitary District 


When the Mississippi River at St. 
Paul, Minn., during April, 1952, 
reached the highest flood stage in 85 
years of record, only detailed advance 
planning and painstaking preparation 
saved the sewage treatment plant of the 
Minneapolis-St. Paul Sanitary District 
from extensive flood damage. Actually, 
the major part of the planning had 
been done early in 1949, when a flood 
emergency program had been prepared. 
Revisions were then made from time to 
time to keep the program up to date. 
In fact, the latest revision was made as 
recently as January, 1952. 

To appreciate the complexity of the 
planning involved, it is necessary to 
understand the conditions existing at 
the plant. The plant is located at 
Pig’s Eye Island, downstream from St. 
Paul, with the plant grounds generally 
at elevation 700 ft. In an 85-yr. period 
of record, the river level at St. Paul 
has exceeded that elevation on 12 occa- 
sions. However, the plant’s settling 
tanks are not operative after the river 
elevation reaches 698. The _ highest 
river level on record at St. Paul previ- 
ous to preparation of the plan was 
elevation 704 and occurred in April, 
1881. It was on this basis that the 
plant dike had been constructed with a 
top elevation of 703, which again was 
nearly reached by the river in April, 
1951. 

The elevation of the first floor level 
in the main buildings at the plant is 
706.5. Floors in the tunnels connecting 
the various buildings are at elevation 
682, with the incinerator room base- 
ment floor at elevation 676. 


Flood Emergency Program 


Principally, it was at sealing off the 
basements and connecting tunnels and 


keeping them dewatered that the flood 
emergency program was aimed. In- 
cluded in the records of the scheme, all 
carefully kept up to date and on file 
for immediate use, was a plan showing 
the areas to be protected, a detailed 
schedule of the proposed protective 
measures for each area, a complete di- 
rectory of local and governmental flood 
agencies and personnel, and a copy of 
the ‘‘Flood Emergency Manual’’ pub- 
lished by the U. 8. Army Engineers. 

Major sections of the detailed emer- 
gency program are quoted as follows: 


Working Conditions 


It is possible that Childs and Warner 
Roads would be submerged, preventing 
entrance to the plant by automobile. 
In that event the nearest point from 
which the plant could be reached by 
ear would be Daytons Bluff or Fish 
Hatchery Road. From there it would 
be necessary to wade across the railroad 
tracks and walk in over the top of the 
interceptor sewer barrel. River trans- 
portation may also be considered. 

Maintaining a certain crew at the 
plant might be more logical, in which 
ease it would be necessary to provide 
sleeping accommodations, such as cots, 
ete., and food supplies. Meat, bread, 
and other perishable food could, no 
doubt, be transported to the plant by 
the Coast Guard, who will be patrolling 
the river. 


Intercepting Sewer 


By-pass sewage flow at 3rd and Com- 
mercial Streets and at the plant. 

Consider by-passing Minneapolis 
flow. 


Screen and Grit Building 


Plug all floor drains on the track slab 
and in the garage with oakum. Then 
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weight down the covers and brace if 
necessary. 

Seal the top of the manhole south of 
the building and over the tunnel run- 
ning to the concentration tank. 

Remove hose, lawn equipment, etc., 
from the track slab and the garage. 

Consider the advisability of raising 
up trucks on blocking or storing some 
of the trucks uptown. 


Pump and Blower Building 


It is doubtful that any protection is 
needed for this building, unless pos- 
sibly from wave wash and debris. In 
the event of this, or higher water, caulk 
and seal all doors, placing sandbags 
around the north entrance. 


Venturi Meters 


Seal the manhole covers over both 
vaults; also the pipes through the man- 
holes. 


River Sampling Boat 


Make the necessary arrangements for 
docking the boat. 


Settling Tanks 


Seal the tops of the sidewalk covers 
at the east and west ends of the influent 
channel. 

Close all valves on the underdrain 
system. 


P-21 (Yard Drainage Pump over Out- 
fall) 
Brace the cover on the wet well. 
Seal the sidewalk covers. 


E fluent Service Building 


Caulk the rear doors (bottom and ap- 
proximately 4 ft. up on the sides). 


Administration Building 


Plug the floor drains throughout with 
oakum and weight down the covers; 
brace if necessary. 

Plug the vent to the tunnel at the 
southeast corner. 

Plug the pipe used for tank readings 
in the road. 
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Plug the oil tank filler opening and 
vent, or extend the vent. 

Seal the top of the manhole to the 
boiler room with roof tar. 

Caulk the rear doors (bottom and ap- 
proximately 3 ft. up on the sides). 

Sand bag the basement (garage) 
windows on the west and east sides. 

Set a wood panel, caulking up same, 
in the window frame on the fresh air 
inlet, south side. 

Caulk all around the garage door 
(overhead rolling type) and brace. 

Close up the opening to the garage 
by laying up concrete blocks or brick 
in the door frame, leaving sufficient 
room on the sides and top to pack 
oakum and seal. Waterproof the ex- 
terior side (see ‘‘ Material List’’). 

Set wood panels, caulking up same in 
the openings for the locker room fan 
and the lunch room vent. 


Filtration and Incineration Building 
Install sandbags around: 


Windows on the south side of the in- 
cinerators. 

Windows on the east side of the in- 
cinerators. 

Doors on the east side of the incinera- 
tors. 

Areaway around the boiler room stair- 
well. 


Caulk and seal: 


Windows on the south side of the in- 
cinerators. 

Windows on the east side of the in- 
cinerators. 

Door on the east side of the incinera- 
tors. 

Windows in the boiler room areaway. 

Door in the boiler room areaway. 


Extend the following so that they are 
approximately 3 ft. above ground: 


Fill pipe for the gasoline storage tank. 
Vent from the boiler make-up tank. 
Vent from the boiler blowoff basin. 


Caulk and seal around the oil unload- 
ing line at the east wall. 
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Seal the floor drain in the boiler 
room areaway. 

Plug the steam and oil unloading 
lines at the railroad track. 


Heating 
Have ample fuel oil on hand. 


Concentration Tanks 


Seal the sidewalk covers with roofing 
pitch. 


FeCl, Storage Tank 


Seal the manhole cover and around 
the pipe inlets. 


Transformers, General Power, and 

Electrical Protection 

The Northern States Power Com- 
pany has a flood emergency program 
whereby it will be in a position to con- 
tinue to supply power. Water can rise 
to elevation 707.0 on the power com- 
pany transformers at the plant and 
they can still be in service. In the 
event service through these transform- 
ers is interrupted, power would be 
available through the 4,000-v. line. 

Discontinue power through the trans- 
formers at the effluent service building 
and feed through the 220-v. tie, seal- 
ing up the 4-in. conduit on the trans- 
former slab. 

Seal the conduits in the pull box at 
the effluent service building. 

Remove the motors, starters, and 
clutch coils on all effluent gates. Bolt 
on boards with gaskets where motors 
are removed, sealing up the conduits. 

Remove the motors with reducers on 
all settling tank sludge collectors, ex- 
cept at the flocculating tanks, sealing 
up the conduits. 

Seal the necessary conduits in the 
pull box at the main switchboard. 

Seal the conduits on the ground flood 
and street lights. 


Emergency Power 


Extend the gasoline fill pipes on the 
tanks at the screen and grit building 
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and at the filtration and incineration 
building. 

Fill all the underground gasoline 
tanks and have several extra drums of 
gasoline on hand, arranging for suit- 
able means of dispensing gasoline to 
underground tanks, providing cans, 
funnels, ete. 

Check the gasoline engine for per- 
formance. 


Telephone 


The Northwestern Bell Telephone 
Company expects to have no interrup- 
tion of its service. The telephone 
cables entering the buildings through 
conduits have been sealed off. 


Auxiliary Pumping Equipment 


Considerable additional seepage will 
enter the tunnels, principally through 
expansion joints, pull boxes, and cracks 
in the tunnel floors, the boiler room 
floor, and possibly other places which 
have not shown up to date. 

Probably the most critical area where 
absolute drainage must be maintained 
is the basement of the pump and 
blower building. The following pumps 
are available for that purpose: 


P12—300 g.p.m. 

P13—300 g.p.m. 

P14—200 g.p.m. 

P15—200 g.p.m. 

P 9—500 g.p.m. 

P10—500 g.p.m. 

P11—2,500 g.p.m. (part capacity) 
P1—P8—200 g.p.m. each 


Discharge from the pumps is to go 
to the common channel and through the 
sludge emergency line. 

To help out in this area the following 
pumps are available: 


P16—300 g.p.m., effluent service build- 
ing. 

P17—300 g.p.m., effluent service build- 
ing. 

P25—200 g.p.m., screen and grit build- 
ing. 
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P34—200 g.p.m., concentration tank 
gallery. 

P35—200 g.p.m., concentration tank 
gallery. 


It appears that sufficient pump ¢a- 
pacity would be available, but there 
might be a shortage of suction lines 
from the sumps in the pump and 
blower building, in which event some 
lines would have to be disconnected 
and temporary lines run to the sumps 
to obtain the additional capacity 
needed. 

In the incinerator basement it would 
seem that the sump pumps, together 
with the ash sluicing pump, would take 
eare of any additional seepage which 
might occur in that area. 

Nore: Install the special section with 
valve in the ash discharge line on the 
floor at elevation 688.08 (the section 
hangs on the east wall). 


Sandbagging 

The recommended practice is to use 
burlap bags or some other soft material 
that will readily conform to odd shapes. 
Sewing the top of the sacks is preferred 
for better fitting, but tying is also used. 
Fill the bags only one-half full. A sack 
rack can be built for filling bags. The 
sacks should be placed with joints 
broken, in parallel rows, with earth (or 
in our ease sludge cake), used as a 
mortar between them. 

As it is almost impossible to sandbag 
without some small amount of seepage, 
further precaution is to be taken by 
eaulking and sealing around windows 
and doors, the sandbagging being a 
protection against wave wash and de- 
bris. It is estimated that it will take 
approximately 1,200 sandbags. Tar- 
paulins placed between the bags and 
the door or window are also desirable. 


Material to Have on Hand 


Roofing pitch 
Waterproofing 

1,400 burlap bags 

Twine (if bags are sewed) 
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Needles (if bags are sewed) 

Wire ties (if bags are tied) 

Racks for filling bags 

Shovels 

Tarpaulins 

2,000 common brick 

6 sacks Portland cement 

8 sacks mason’s cement 

Boots 

Conduit sealing compound 

Lumber 

Oakum 

Lead wool 

Cotton 

Permatex 

Hose, pipe, and fittings for pump 
connections 


Miscellaneous 


Put solid covers on the catch basins 
near the chlorine contact tanks, then 
seal and cover them with sandbags. 

Cover the grating over the outfall at 
the rear of the effluent service building 
with large oil-soaked canvas, then cover 
with sandbags. The covers are stored 
in the effluent service building. 

Plug the outlet of the drain north of 
the flagpole as the river approaches 
elevation 697 (the outlet is on the rip- 
rap slope). 

Curves are on hand showing the 
liquid level in test holes throughout the 
settling tank areas during high water 
for the year 1951. 


1952 Flood Conditions 


The maximum river level permitting 
plant operation (elevation 698) was ex- 
ceeded on April 9, 1952. The sewage 
flow was then by-passed to the river 
above the plant and the flood control 
program was placed in effect. This was 
the flood emergency program, which 
had been submitted to the District 
Board of Trustees on Febraury 28, 
1949, the major sections of which have 
been previously given. It is aimed 
principally at sealing off the basements 
and tunnels, and keeping them de- 
watered. 
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The plan had been given a ‘‘dry 
run’’ during the 1951 flood and some 
of the ‘‘kinks’’ worked out at that time. 
The water didn’t get quite high enough 
then, however, to flood the plant 
grounds. 

Doors, windows, manholes, vents, and 
filler pipes were sealed, plugged, or ex- 
tended above predicted flood levels. 
Motors on the basement level were 
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was closed with a brick wall three 
bricks thick and reinforced with steel 
(see Figure 2). Every opening had to 
be closed tightly, as a major leak any- 
where would have flooded the whole 
plant through the connecting tunnels. 
The flood control program was sub- 
stantially completed on April 10. The 
Childs Road approach to the plant 
went under water on the morning of 


FIGURE 1.—Aerial photo of Minneapolis-St. Paul sewage treatment plant on April 


17, 1952, after river topped dike and flooded plant. 


River, here seen at elevation 704.04, 


crested on April 16 at 704.24. River channel is to the right of the plant. 


moved to a higher floor and additional 
pumps were installed to remove seepage 
water. Records in the basement vault 
were moved to upper levels in the ad- 
ministration building. 

Most of the windows and vents were 
caulked, sandbagged, and even sealed 
with hot roofing asphalt. However, the 
big 8-ft. wide door on the basement 
level of the administration building 


April 12 (Figure 1),* and that night 
the river began flooding the plant 
grounds. By Easter Sunday morn- 
ing, April 13, the grounds were entirely 
flooded. Early that morning there was 
a cave-in of the ground along the south 
wall of the screen and grit chamber 

* Figure 1 courtesy of Kenneth M. Wright 


Studios. Others by St. Paul Dispatch Pioneer 
Press. 
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FIGURE 2.—View across inundated settling tanks from administration building. Wa- 
ter was over top of tank railings and half-way up on doors of effluent service building 


(center background). 


building, the dirt washing down under 
a shallow curtain wall. The resultant 
rush of water blew out the caulking that 
had been placed around some electrical 
conduits leading from that building 
into a small tunnel into the concentra- 
tion tank gallery. This proved to be the 


largest leakage of water into the tunnel- 
basement system experienced during 


the flood. Additional pumps were 


placed in service and were able to keep 
ahead of the infiltration. 

On Sunday and Monday, with only 
two rowboats available at the plant, the 
men were rowed across from the Re- 
serve Street Bridge to the top of the 
interceptor sewer box section, along 
which they then walked the distance of 
about 1 mi. to the plant. 

On Tuesday morning, April 15, six 


FIGURE 3.—Submerged ramp and bricked-up entrance (below light bracket) to garage 
in administration building basement. Picture taken with water 3 in. below crest level. 
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additional rowboats were borrowed 
from the Minneapolis Park Board and 
thereafter these were used to transport 
men and supplies to and from the 
plant, using outboard motors rented 
from employees. 

To avoid the hazards of transporta- 
tion after dark, the regular shift 
change at midnight was eliminated and 
the four shifts and the shop crews were 
divided into two groups—each group 
on duty for 24 hr. and then off for 24 
hr. Each group was further divided 
so that one-half of the men at the plant 
were at their stations for 6 hr. and then 
rested for 6 hr., subject to call, how- 
ever, in the event of an emergency. 
Cots and blankets were provided and 
a temporary commissary was operated 
in the laboratory to provide meals for 
the men. Men having special training 
or qualifications were assigned duties 
requiring that kind of training. Man- 
power was conserved so that fresh and 
alert men were always available. 

On Wednesday, April 16, the river 


level at the plant crested at elevation 
704.2, approximately 4 ft. above the 
average level of the plant grounds (Fig- 
ures 2 and 3) and about 14 ft. above 


the plant dike. This crest was approx- 
imately 2} ft. above the previous high- 
water record, established in 1881. 

Although the head of water on the 
basement floors and tunnels reached as 
much as 28 ft., the control program 
functioned successfully to prevent 
flooding of these areas. If the water 
had broken in, it would have been as 
much as 28 ft. deep around the in- 
cinerators and several million dollars 
worth of equipment would have been 
flooded. 

By Sunday, April 20, the water had 
receded to the point where trucks could 
be used to drive in as far as the screen 
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and grit chamber building. By Tues- 
day, April 22, the grounds had been 
dewatered except for the area south of 
the settling tanks, and passenger cars 
could again be used to drive into the 
plant. The regular shift changes were 
then resumed and the work of removing 
the sandbags and cleaning up after the 
flood was started. 

On April 26, the river had receded 
to elevation 698, at which point opera- 
tion of the plant theoretically could be 
resumed. It was necessary, however, to 
dry out the settling tank motors and 
do other work incidental to returning 
the plant to operating condition. Also, 
repair work on the lining of the in- 
cinerator chimney was started on April 
23 (this work was not related to the 
flood) and continued through the bal- 
ance of the month, the plant remain- 
ing shut down. The staff was occupied 
in clean-up work after the flood, remov- 
ing deposits from the sludge and filtrate 
lines, cleaning and checking the venturi 
meters, tubes, ete. 

Damage to the plant as a result of 
this flood was confined essentially to 
items of a minor nature, principally to 
the grounds in the form of washouts 
and from 1 in. to 1 in. of silt deposited 
on the grounds, roads, and walks. The 
total damage amounted to about $5,000, 
although some $18,700 was spent in the 
flood emergency program, mostly in 
overtime payments ($16,000) to the 
personnel. 

The personnel of the District staff 
are to be commended for their fine 
spirit of cooperation and willingness 
to work hard and long hours, accom- 
plishing the necessary flood protection 
work in a short period of time. Con- 
siderable information and valuable ex- 
perience were gained which will be use- 
ful in dealing with future floods. 
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COMPOSITION OF FROTH 


COMPOSITION OF AERATION TANK FROTH 


By WELLINGTON DONALDSON 


Deputy Director, Division of Sewage Disposal, Department of Public Works, 
City of New York, N. Y. 


Despite the frequency of the ques- 
tion, ‘‘ What is this froth that forms on 
aeration tanks?’’, few recorded anal- 
yses of actual froth content are avail- 
able. A fair answer to the question 
might be: ‘‘Froth is mostly air, con- 
taining some liquid. The liquid con- 
tains a small amount of solids and the 
solids contain considerable grease.’’ 

As an example, to obtain 1 qt. of 
liquid for laboratory analysis it was 
necessary to condense (quite a trick in 
itself) about 9 cu. ft. of fresh froth 
from the aeration tank. The greasy, 
dirty liquid so obtained contained, by 
weight, 0.77 per cent total solids, 0.18 
per cent grease, and 0.09 per cent 
aleohol soluble detergent. It is note- 


worthy that in this particular sample 
the grease was about 23 per cent of the 
total solids, detergent about 12 per cent 
of the total solids. The remainder of 
the total solids comprised sewage solids 
and activated sludge. 

Froths derived from final tanks or 
from the final -effluent of activated 
sludge plants contained a much higher 
percentage of grease, say from 30 to 
50 per cent. Some foam accumulation 
dried on the sides of final tanks con- 
tained up to 90 per cent grease. 

As an indication of the extent of the 
problem, Figures 1, 2, and 3 show con- 
ditions at New York City’s 26th Ward 
plant during the summer of 1951. 
This plant is of the high-rate activated 
sludge type. Since the photographs 


FIGURE 1.—Typical occurrence of froth on Aeration Tank at 26th Ward, without 


controls. 
the aeration tank in series from left to right. 


Froth increases in volume with passage of sewage through four channels of 
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FIGURE 2.—The “icebergs” shown are froth extruded from manholes on the effluent 
conduit of final settling tanks. 


FIGURE 3.—This was a tough day for the sewage treatment worker who was attempting 
to collect final efuent samples from a manhole on the outfall conduit. 
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were taken, satisfactory control of the 
unusually severe frothing condition at 
this plant has been provided by a 
permanent system of spray piping and 
equipment for injecting a controlled 
dose of one of several available ‘‘anti- 
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foams’’ into the spray system when and 
where needed. Neither the spray nor 
an anti-foam chemical alone has been 
found satisfactory, but the combina- 
tion appears to provide a complete and 
economical control. 


SUPPLEMENTAL REPORT FOR MANUAL OF PRAC- 
TICE NO. 1, “OCCUPATIONAL HAZARDS IN THE 
OPERATION OF SEWAGE WORKS” 


Resuscitation 


On page 43 of Manual of Practice No. 
1 under ‘‘Resuscitation’’ it is stated: 
‘‘Resuscitation following gas collapse, 
drowning or electric shock should be 
employed immediately by the Schaefer 
prone-pressure method of artificial res- 
piration and a doctor should be called 
at once.”’ 

Recently (1951), controlled experi- 
mental studies have indicated the su- 
periority of ‘‘push-pull’’ methods of 
manual artificial respiration. Push- 
pull methods actively induce both in- 
spiration and expiration, and are more 
than two times as efficient for pulmo- 
nary ventilation as the Schaefer prone- 
pressure (push only) method. 

Of the ‘‘ push-pull’’ methods, the back 
pressure-arm lift (Nielsen) method has 
been endorsed by the Council on Physi- 
cal Medicine and Rehabilitation of the 
American Medical Association, the 
American National Red Cross, U. S. 
Department of Defense, U. S. Army, 
Navy, and Air Forces, U. S. Public 
Health Service, and many other or- 
ganizations. This method is simple to 
learn, easy to apply, and will not un- 
duly tax the strength of the operator. 
If one or both arms of the victim are 
broken, the older prone-pressure method 
may be used or, preferably, one of the 
hip-action back-pressure methods. 


Procedure 
General 


Place the victim in fresh air in the 
face-down (prone) position. Bend both 
his elbows and place one of his hands 
on the other. Turn his face to one 
side and place it on his hands. 

Quickly sweep your fingers through 
his mouth to clear out froth and debris 
and bring his tongue forward. 

Rescue measures should begin at 
once and continue rhythmically until 
natural breathing is established—this 
may take four or more hours. Efforts 
to restore natural breathing should not 
cease until the body stiffens. 

Steps 

First—Kneel on one knee at the pa- 
tient’s head, facing his feet. Grasp 
both the patient’s arms just above the 
elbows (see Figure 1).* If it is more 
comfortable, kneel on both knees, one 
on either side of the victim’s head. 

Second—Lift the arms upward while 
you rock backwards, drawing the arms 
toward yourself until you meet firm 
resistance (see Figure 2). When doing 
this, do not bend your elbows; keep 
your arms straight. The arm lift pulls 
on the victim’s chest muscles, arches 
his back, and relieves the weight on 


* Figures reproduced through the courtesy 
of the Connecticut State Department of 
Health. 
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FIGURE 1. 


his chest; air is thus sucked into his 
lungs. 

Third—Replace the patient’s arms 
on the floor and slide your hands to his 
mid back, with one hand just below 


FIGURE 2. 


each shoulder blade and the fingers 
pointing down (see Figure 3). 
Fourth—Rock forward, exerting 
pressure almost vertically down to 
cause active expiration (see Figure 4). 
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FIGURE 3. 


Your elbows should be kept straight. This is done by ‘‘peeling’’ your hands 
Do not exert sudden or too much pres- from his back without giving any extra 


sure, or place your hands high on his — push with the release. 
back or on his shoulder blades. Sixth—Repeat these movements 
Fifth—Release the pressure quickly. rhythmically, lifting arms and pressing 


FIGURE 4. 
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down on the back alternately about 12 
times a minute until natural breathing 
is restored. The operator may time his 
rhythm at 5 see. per cycle. 

If assistance is at hand, a physician 
should be sent for; the patient’s tight 
clothing should be loosened at neck, 
chest, or waist; and the patient should 
be kept warm. When natural breath- 
ing has been restored, treat the patient 
for shock. The patient should be kept 
quiet in a prone position until he re- 
ceives expert medical attention. 


Tests for Oxygen Deficiency 


There have been several recent ref- 
erences In the sewage works literature 
to the testing of oxygen deficiency in 
sewers by the use of Wolf safety lamps. 
Such lamps may cause an explosion in 
sewers by the propagation of hydrogen, 
a constituent of manufactured gas, 
through the gauze of the lamp. Fur- 
thermore, good practice discourages the 
use of any open flame in the presence 
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of flammable gases, for there is always 
a possibility that a defective or im- 
properly assembled flame safety lamp 
may be employed. An oxygen-de- 
ficiency indicator, which is an adapta- 
tion of the Wolf safety lamp, should 
be used. With such indicators a sam- 
ple of the atmosphere under test is 
brought to the instrument, located in 
fresh air, by means of a sampling hose 
and aspirator. The sample is brought 
into contact with a gauze-protected, 
bonneted, naphtha-burning flame unit 
through an intake connection equipped 
with a flashback arrester capable of 
preventing the propagation of a hy- 
drogen flame. 

Further information on oxygen-de- 
ficiency indicators will be found on 
pages 32 and 45 of Manual of Practice 
No. 1. 

LeRoy W. Van 

Chairman, Sub-Committee 
on Occupational Hazards, 
Committee on Sewage and 
Industrial Wastes Practice 


TIPS AND QUIPS 


Septic Tank Drainage 

One insistent weakness of conven- 
tional septic tank drainage fields, espe- 
cially in areas of clay soil, has been 
failure of the leaching fields to dispose 
of the tank effluent. With the usual sys- 
tem percolation is successful enough in 
sandy soil, but in heavier soils the 
ditches become clogged with solids. 
The remedy thus far has been to ex- 
tend the drainage ditches. On a small 
lot, however, extension may be incon- 
venient or impossible. 

A solution to the problem is offered 
in an article in the October, 1951, issue 
of Sunset Magazine. Developed by 
Fred F. Horne, of Robles Del Rio, 
Calif., the new system substitutes an 
18-in. depth of continuous pumice-soil 


bed (Figure 1) * for the usual tile-and- 
trench layout. The pumice (14-in. 
screened) permanently aerates the 
leaching field and promotes lateral as 
well as downward movement of the 
liquid. The mix runs from 30 per cent 
pumice in very sandy soil to 60 per 
cent pumice in heavier soils. The drain 
tiles are laid in this mixture, just be- 
low the surface. 

Basically, it’s the pumice that makes 
the system effective. It is absorbent 
but aerating, and gives more even dis- 
tribution of the moisture, thus remov- 
ing the factors making for concentra- 
tion of root growth that precluded 
planting of trees and shrubs near old- 
style drainage fields. 

“Reprinted from Sunset Magazine by per- 
mission, 
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FIGURE 1.—Continuous drain field of 
pumice-soil mix gives better distribution 
for septic tank effluent seepage in heavy 
soils. 


Pumice is being used commercially 
to amend drainage field soils in the 
West, as it is effective and economical, 
being available in large quantities as a 


concrete aggregate. However, there 
are several inert and lightweight ag- 
gregates with considerable pore space 
that could be used successfully in the 
Kast. 


Buried Pipe Protection 


Protecting buried pipes from corro- 
sion with ‘‘Scotch’’ plastie tapes is the 
subject of a new 8-page illustrated 
booklet available upon request from 
Minnesota Mining and Manufacturing 
Co., 900 Fauquier St., St. Paul 6, 
Minn. It describes and illustrates both 
high-speed machine and hand wrap- 
ping techniques for protecting metal 
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pipes, joints, and fittings from the cor- 
rosive effect of soil chemicals, oils and 
fats, stray ground currents, and soil 
bacteria and fungi. 

The booklet cites some of the prob- 
lems resulting from pipe corrosion, as 
well as actual case histories of instances 
where the wrapping methods described 
have been used. In addition, it gives 
tables listing the physical and electrical 
properties of the tapes. 


Do’s and Don'ts in Hose and 
Fitting Care 


1. Don’t expose hose to oil, which 
rots it. If oil is unavoidable, use spe- 
cial oil-resisting hose. Equip air com- 
pressors with filters or separators; lu- 
bricate the tool, not the hose. 

2. For temperatures greater than 
300° F., use asbestos-fabric hose. Heat 
hardens rubber, causes cracks. 

3. Alternate heating and freezing is 
worse than constant heating. 

4. Continuous flexing wears out hose 
rapidly. 

5. Generally, a short length of hose 
stands more pressure for a longer time 
than a longer length, a small-diameter 
hose stands more pressure than a large- 
diameter one with the same number of 
plies, and a hose open at one end lasts 
longer than one coupled to a unit creat- 
ing pulsating pressure. 

6. Don’t pass hose where trucks or 
cars will crush or cut it. 

7. Use approved couplings, properly 
installed, to prevent joint failures due 
to fabric-rotting or careass-crushing. 

8. Keep high-pressure steam hose 
under pressure. Shutoff causes con- 
densation and vacuum, which tends to 
pull the inner tube from the carcass. 

9. Use couplings free of burrs and 
sharp edges. 

10. Put rubber cement on coupling 
stem and inside tube mouth just before 
assembly. 

11. When installing couplings in 
wire-wound hose, be sure the wire end 
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is aligned with the hose axis, then held 
securely by the clamp. 

12. Don’t cut the hose tube to fit a 
nipple or coupling stem. 

13. Follow the maker’s or distribu- 
tor’s recommendations on selecting 
Don’t use wire-wound or double- 
extra-heavy, just because 
want to increase wear life. You may 
shorten it, and at increased cost. 

14. Support hose coils properly when 
stored, or lay them down on a wooden 
grill permitting air circulation. Store 
in a cool, dry, well-ventilated room. 

15. Prevent kinking; dragging across 


hose. 


ete., you 


eravel, broken stone, or around sharp 
and exposure to dropped or 
hot objects, acid fumes, and oil in any 
form. 


corners ; 


New Lube Oil Extends Engine 
Service Life 


A new lubricating oil now being 
marketed by the Shell Oil Company is 
said to have been designed to solve cer- 
tain problems of engine wear and foul- 
ing caused by operating conditions that 
are aggravated by low loads, high-sul- 
fur fuels, and low-temperature opera- 
tions. Additional advantages are 
claimed to be most pronounced in cer- 
tain diesel engines designed for in- 
creased power on low-grade fuels. 

Known as Shell Rimula Oil, the lu- 
bricant is said to extend serviceable 
engine life by elimination of ring stiek- 
ing and piston lacquer, and reduction 
of cylinder, ring, piston, and bearing 
wear, with subsequent reduction of oil 
consumption, 


Sanitizer for Personal 
Safety Equipment 


Personal safety equipment (masks, 
clothing, rubber 
ete.) can be cleaned and sanitized thor- 
oughly, quickly, and with a minimum 
of bother by use of a dry powder 
‘*Cleaner-Sanitizer’’ packed in 1-o0z. 
envelopes. Each envelope contains the 


respirators, cloves, 
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correct amount to make the prescribed 
concentration when added to 1 gal. of 
warm water (120° F.) The equipment 
is simply immersed, softly brushed, 
rinsed in warm water, and allowed to 
air-dry. 

Detailed information on the product 
is given in Bulletin No. CM-18, avail- 
able from Mine Safety Appliances Co., 
Braddock, Thomas and Meade Streets, 
Pittsburgh &, Pa. 


How to Dodge Lightning 


About nine-tenths of the fatalities 
and injuries from lightning oceur in 
rural districts rather than in areas with 
many buildings or large buildings. 
This conelusion is drawn from data 
supplied by the U. S. Census Bureau, 
according to the May, 1952, number of 
Safety News Letter, issued by the 
Publie Employee Section, National 
Safety Council. People engaged in 
outdoor pursuits are most exposed to 
the hazards of lightning. 

Although lightning usually strikes 
an isolated object on high ground, such 
as lone trees, buildings, and the like, 
it does not always strike the highest 
object in the area. 


What To Do 


Upon the approach of an electrical 
storm, sueh of the following precau- 
tions as fit the situation at hand should 
be taken: 


1. Discontinue operations that are 
out in the open. 
2. Stop loading, unloading, or hand- 


ling of flammable liquids or products 
in open containers in exposed places. 

3. Discontinue the gaging of tanks 
containing flammable liquids. 

4. Have employees leave the tops of 
tanks, buildings, and the like. 

5. Discontinue work on fences, tele- 


phone lines, power lines, structural 
steel erection, pipelines, or other metal 
materials that might conduct a light- 
ning charge. 
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6. Keep away from drain pipes on 
the outside of buildings, and steel tow- 
ers, cranes, and other metal objects 
onto which a charge might be induced. 

7. Stay away from the crests of hills, 
or other places where protection is not 
afforded by tall objects. Avoid isolated 
trees, small exposed sheds or outbuild- 
ings, wire fences, and telephone or 
power poles. 
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8. Seek shelter in large buildings or 
buildings with protection against light- 
ning, or in a grove of trees, a cave, a 
ravine, or a gully. 


All of which can be summed up by 
simply saying : 

Know where lightning is liable to 
strike, then stay away from there— 
unless you're quicker than greased 
lightning ! 


ANNOUNCEMENT OF RADIOLOGICAL HEALTH 
TRAINING PROGRAM 


The Public Health Service is sponsoring 
a radiological health program as a series of 
short training courses which are conducted 
at the Environmetal Health Center in Cin 
cinnati. These courses are free of tuition, and 
are offered to qualified applicants. The train- 
ing is designed for professional people who 
are concerned with radiological health prob- 
lems in their respective fields. Candidates 
should have a degree in medicine, engineering, 
or science (physical or biological). 

The Radiological Health Training consists 
of three units or courses of two weeks each, 
namely : Intermediate, and Advanced. 
Completion of the Basie Course (or equivalent 
training) is a prerequisite for the Intermedi 
ate Course, and completion of the Intermedi- 
ate Course (or equivalent training) is a pre- 
requisite for the Advanced Course, All three 
courses may be taken consecutively as a six- 
week unit, or the and Intermediate 
Courses may be taken consecutively as a four 
week unit, or any course may be taken indi 
vidually, providing entrance requirements are 
fulfilled. 

The Basic Course provides training in the 
theory of radiation and radiation detecting 
instruments, the calibration and use of these 
instruments, the detrimental effects of radi- 
ation, the means of shielding and protection 
against radiation, and permissible radiation 
exposure levels, 


susic, 


Basic Courses ure scheduled for October 6 
17, 1952; January 19-30, 1953; and April 
20-—May 1, 1953. 

The Intermediate Course provides training 
ut a more advanced level. This course is de 
signed for those who have had the equiva 
lent of the Basic Course and covers area and 
personnel monitoring, the radioassay of water, 
food, sewage and biological samples, and the 
operation, maintenance, and repair of radia 
tion detection instruments. 

Intermediate Courses are 
October 20-31, 1952; 
and May 4-15, 1953, 

An Advanced Course is 


scheduled for 
February 2-13, 1953; 


being presente: 
for professional personnel who are concerned 
in particular with occupational radiological 
health problems. In this course, the present 
and probable future applications of radiation 
in industry and certain institutions are dis 
cussed. The radiation phenomena, associated 


health hazards, recommended protection prin 
ciples, and applied instrumentation are also 


covered. The Advanced Course is offered to 
persons who satisfactorily 
the Intermediate 
training program. 

The Advanced Course is scheduled for Feb 
ruary 16-27, 1953. 

Further details and information can be ob 
tained from the Radiological Health Training 
Section, Public Health Service, Environ- 
mental Health Center, 1014 Broadway, Cin- 
cinnati 2, Ohio. 
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SILVER ANNIVERSARY MEETING TAKING SHAPE 


A quarter of a century of progress in 
sewage and industrial wastes treatment, as 
well as a quarter of a century of steady and 
solid growth in membership and accomplish- 
ment, will have a fitting climax in the 
Twenty-Fifth Annual Meeting of the Fed- 
eration of Sewage and Industrial Wastes 
Associations, to be held at the Hotel Statler, 
New York, N. Y., October 6-9, 1952. Prep- 
arations for the gala Silver Anniversary 
Meeting are already in the “final details” 
stage, with many metropolitan area mem- 
bers of the host New York Sewage and In- 
dustrial Wastes Association at work on ar- 
rangements. 


Local Committees 


The Loeal Arrangements Committee, 
under the chairmanship of George E. 
Symons, consultant and technical editor, 
Larchmont, N. Y., is composed of the chair- 
men of the following subeommittees: 

Registration Committee: C. R. Velzy, 
chairman; R. D. Nickerson, W. T. Ingram, 
J. J. Baffa, and H. P. Orland. 

Finance Committee: T. T. Quigley, chair- 
man; J. C. Brigham, R. C. Sweeney, and 
J. Porter. 

Inspection Trip Committee: W. A. 
O’Leary, chairman; N. I. Kass, S. W. 
Steffensen, and W. L. Sylvester. 

Entertainment Committee: J. J. Horgan, 
chairman; J. G. Stewart, C. K. Perkins, 
J. D. Bowe, and A. O. Hopper. 

Ladies Entertainment Committee: Mrs. 
Karl Mann, chairman; Mrs. G. E. Symons, 
Mrs. R. Hazen, Mrs. C. R. Velzy, Mrs. H. 
A. Faber, Mrs. 8. G. Hess, Mrs. M. M. 


Hirsh, Mrs. J. J. Horgan, Mrs. H. 8S 
Sutton, Mrs. E. M. Jones, Mrs. A. L. 
Morris, Mrs. R. D. Nickerson, Mrs. W. A. 
O’Leary, Mrs. R. F. Orth, and Mrs. T. T 
Quigley. 

Local Host Committee: S. G. Hess, chair- 
man; T. M. Riddick, A. J. Fischer, J. M. 
Brown, Jr., F. C. Roe, D. M. Ditmars, and 
A. N. Diachishin. 

Hotel Arrangements Committee: H. A. 
Faber, chairman. 


Early Registration 

To help early arrivals at the convention 
avoid the usual last-minute registration 
rush on Monday morning, it has been ar- 
ranged to have the registration desk open 
on the hotel mezzanine from 2 pm to 5 PM 
on Sunday, October 5. 
urged for all 
period: 


Pre-registration is 
those in town during this 


Announcement to Membership 


All Active and Corporate Members of 
the constituent associations of the Federa- 
tion have been sent a formal announcement 
of the convention. Contained therein are 
further details as to technical and social 
program, registration, entertainment events, 
and manufacturer exhibits, as well as a 
reservation card for hotel accommodations. 
It should be noted that although the meeting 
will officially close at noon on October 9, 
the inspection trips are scheduled for the 
afternoon of that day. Reservation of hotel 
accommodations should be placed directly 
with the Hotel Statler in New York City 
and should be made early. 
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Reviews and Abstracts* 


Determination of Organic Nitrogen in 
Sewage, Sewage Effluents, and River 
Water. By S.H. Jenkins. Jour. and 
Proc., Inst. Sew. Purif., Part 2, p. 147 
(1950). 

The author describes the detailed method 
of determining organic nitrogen, then 
recommends that addition of ammoniacal, 
oxidized (nitrite plus nitrate), and organic 
components will determine total nitrogen. 

K. W. Cosens 


Determination of Ammoniacal Nitrogen 
in Sewage, Sewage Effluents, and 
River Water. By S. H. JENKINs. 
Jour. and Proc., Inst. Sew. Purif., 
Part 2, p. 144 (1950). 

The author suggests a distillation titra- 
tion method using N/140 H.SO, and 
N/140 NaOH, which he considers quicker, 
more accurate and more flexible, except 
for relatively pure river waters, than 
present “standard methods” using Ness- 
lerization. 

K. W. Cosens 


Amperometric Titration of Copper and 
Ferric Iron with Cupferron. By I. M. 
Ko.ruorr AND A. Liserti. Analyst, 
74, 635 (1949). 

Conditions for using cupferron reagent 
for the quantitative determination of 
cupric copper, ferric iron, and mixtures of 
the two have been studied. Cupferron 
solutions prepared in conductivity water 
are stable for at least 14 days if kept in 
dark bottles. Procedures are described 
for amperometric titration of the metals, 
in suitable buffer solutions, with cupferron. 
The accuracy is 1 per cent in 0.001M 
solutions. The accuracy of the iron 
titration is not affected by the presence of 


large amounts of aluminum, zine, trivalent 
chromium, manganese, and cadmium. 
Copper can be titrated in the presence of 
a large excess of iron in a citrate buffer 
that is 0.5M with respect to potassium 
hydrogen fluoride. When the ratio of 
iron to copper is equal to or greater than 
1, iron can be titrated in a medium of 0.1N 
hydrochloric acid. The end point is 
reached before copper is precipitated. 
H. P. ORLAND 


Modified Stockport Bio-Aeration Units 
(Comparative Results) By F.C. Horr. 
Jour. and Proc., Inst. Sew. Purif., Part 
2, p. 100 (1950). 

Operating results are tabulated for three 
variations of the activated sludge method 
of sewage treatment. Average values of 
4-hr. oxygen absorbed at about 15 p.p.m., 
5-day B.O.D. equal to about 17 p.p.m., 
and suspended solids at about 16 p.p.m. 
were given as a measure of the strength 
of the plant effluent. Plant influent is 
described as being strong and composed 
of 20 per cent trade wastes. 

K. W. Cosens 


Development of Waste and Sewage 
Problems in the Industrial Area of 
Twenthe (Holland). By J.J. Hopmons 
anp G. 8. Bos. Proc. Royal Inst. Eng. 
(Netherlands), Nos. 33-35, 541-77 
(1951). 

In 1897 a government commission 
reported that the pollution in the Twenthe 
area was primarily caused by textile 
wastes. After considerable litigation, the 
city of Enschede constructed a sewage 
treatment plant in 1937, followed by 
other municipalities in the area. The 
status of treatment in 1950 was as follows: 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 
which might be suitable for abstracting in THis JourNaL. Publications of public health de- 
partments, stream pollution control agencies, research organizations, and educational institutions 
are particularly desired. Address such material: Federation of Sewage and Industrial Wastes 


Assns., 325 Illinois Bldg., Champaign, II. 
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Ind. 
Pop. Equiv 


Flow 
(m.g.d.) 


Plants Pop Total 
Installed 

Projects ready 
In preparation 


103,000 
84,500 
74.000 


240,000 
86,500 
92,000 


343,000 
171,000 
166,000 
Total 261,500 


$18,500 680,000 


The smaller plants consist of settling 
and rotary trickling filters. The largest 
plant (Enschede), with a flow of 5.8 m.g.d. 
and 580,000 gal. per hr. maximum flow, 
capable of treating completely three times 
the dry weather flow, consists of automatic 
vrit chamber, pre-aeration (Kes- 
sener system), 12 tricking filters, humus 
tanks with flocculation, heated three-stage 
and appurtenances. The 
produced is used for power supply for 
two gas engines of 290 hp. each; exhaust 
are used for heating the digesters 
and excess gas is sold to the municipal 
works. Digested sludge is dried on 
beds. The plant treats a strong 
sewage, containing 1,500) p.p.m. total 
500 p.p.m. settleable solids, and 
245 p.p.m. chlorides. The B.O.D. of the 
raw sewage is 625 p.p.m.; of the settled 
135 p.p.m. The digesters are of 
a new type, wherein the raw sludge is 
pumped to a tower connected with piping 
to the digesters. Normally, the 
sludge is discharged from the tower to 
the preheater, located in the center of 
the first tank. The preheater is equipped 
with rotating bundles of pipes for hot- 
water heating (digestion temperature 95° 
I.). The sludge flows continuously over 
the weir into the second-stage digester, 
covered with a movable (rotating) cover, 
to which the heating coils are attached. 
The third-stage tank has a ‘‘screw’’ gas 
holder to produce higher pressure for the 
gas scrubbers. Special foundations were 
necessary to prevent floating of empty 
tanks during construction. W. 


screen, 


digesters, 
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gases 


gas 


open 


solids, 


sewage, 
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Report of Water Pollution Study of Miami 
River — 1949. Department of 
Health (Jan., 1951). 

The main objective of the survey was 
to obtain information upon which regu- 
latory pollution measures could be based. 
fegulatory measures should restore and 
preserve the streams of the basin for 
consistent with publie health and 
welfare requirements. 


uses 


The amounts of deoxygenating, chem- 
ical, and metallic wastes were determined 
by analyses at many points in the river 
basin. By projecting the demands of 
these wastes into minimum stream flow 
conditions at appropriate points on the 
river, it was possible to make recommenda- 
tions regarding degree of treatment re- 
quired to maintain a minimum dissolved 
oxygen content of 4.0 p.p.m. 

An analysis of the Miami River basin 
is given in terms of its geography, geology, 
physiography, ground-water storage, flood 
control and other water developments, 
population, and industrial development. 

A discussion is given comparing the 
classical method of Streeter and Phelps 
with the newer method of Le Bosquet for 
analyzing the self-purification capacity 
of a river. 

Each of 184 sampling stations estab- 
lished on the river at strategic points 
was sampled from three to nine times. 
Sampling and analysis methods followed 
“Standard Methods.” 

Recommended critical or design min- 
imum stream flows were given for the 
main stream and its tributaries at the 
important sources of pollution. These 
design minimum flows were based upon 
the smallest expected 7-day average 
flow which would occur with a frequency 
of about once in 5 years. Basie hydro- 
logical data were furnished by the U. 8. 
Geological Survey. 

Of particular interest are two sets of 
curves showing minimum dissolved oxygen 
in the Miami River in 1933-36 and again 
in 1949. During this time considerable 
improvements were made in the Dayton 
sewage treatment plant and the results 
clearly show on the D.O. curves. The 
river immediately below Dayton was in 
much better condition in 1949 than it 
was in 1933-36. However, there were 
other places where new treatment facilities 
had not been installed and river conditions 
were still unsatisfactory. 

Results of analyses for metallic and 
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chemical pollution in the various metro- 
politan areas along the river are given. 
Special emphasis was placed on phenol, 
cyanide, iron, copper, lead, zine, chromium, 
pH, and the discharge from an oil refinery. 
It was clearly brought out that there was 
at present no good method of estimating 
population equivalent of such wastes as 
phenols, cyanides, and others which have 
no B.O.D. counterpart. 
Kennetu W. Cosens 


Pollution of Streams: Some Notes on 
Recent Research. By B. A. Sourn- 
GATE. Inst. of Civil Eng. (British), 
Pub. Health Eng. Div. (Oct., 1950). 
One of the newer developments in 

treating sewage is the use of mechanical 

flocculation without the addition of chem- 
icals. Studies with laboratory apparatus 
have shown that 61 per cent of suspended 
matter was removed by mechanical floc- 
culation followed by sedimentation and 
that the effluent contained from 11 to 

22 p.p.m. of suspended solids. 

A report was also made on the results 
obtained when humus tank effluent was 
filtered through gravity filters quite similar 
to rapid sand water treatment filters. 
On filters at Coventry, with sand passing 
No. 8 mesh and retained on a No. 16 mesh 
screen, it was found that, at 150 gal. 
(Imp.) per sq. ft. per hr., suspended 
solids were reduced 85 per cent (from 39 
to 6 p.p.m.) and that B.O.D. was reduced 
70 per cent (from 36 to 11 p.p.m.). 
Better results were obtained at 100 and 
poorer results at 290 gal. per sq. ft. per 
hr. loading. It may be noted that the 
area required by rapid sand filters operat- 
ing at 150 gal. per sq. ft. per hr. would be 
only 0.6 per cent of the area required of 
trickling filters 6 ft. deep operated at 
100 gal. (Imp.) per cu. yd. per day. 

The reduction of the bacterial load of 
sewage effluents is discussed and two 
methods are suggested for the reduction 
of bacteria—chlorination and sand filtra- 
tion. Results of the two methods indicate 
that chlorination is much more effective 
in removing the coliform group of bacteria 
than is the filtration method. 

In connection with the discussion of 
toxic substances found in sewage plant 
effluents, it is pointed out that ammonia 
is toxic to fish and that the effect is even 
more important as the higher pH values 
are encountered. Experiments conducted 
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in England in water containing ammonium 
chloride, equivalent to 41 p.p.m. of 
nitrogen, showed it was lethal to trout in 
30 hr. at pH 7.7. A. E. Cole, in the 
Wisconsin area, reports that 6 to 8 p.p.m. 
of nitrogen is lethal. Apparently, this is 
a problem that needs considerable more 
study. The margin between the quantity 
of DDT needed to control filter flies and 
that which will be toxie to fish is very 
small. Therefore, these insecticides must 
be used with caution. 

Several interesting aspects of the effects 
of discharging unpolluted cooling waters 
to streams are discussed. The sewage 
fungi grow more rapidly at elevated 
water temperatures, their presence having 
several undesirable effects. When the 
stream temperature is elevated, B.O.D. 
increases rapidly; for instanee, 5-day 
B.O.D. at 30° C. is 28 per cent greater 
that at 20° C. In polluted rivers the 
warmer waters cannot retain as much 
oxygen as can the cold waters. Therefore, 
cooling water affects the D.O. capacity 
of a stream, regardless of organie load. 
The author also points out that the 
toxicity of cyanide approximately doubles 
as temperature rises from 8° to 18° C, 
Kennetu W. Cosens 


Waste Problems in the Mineral Industries. 
By James Boyp. Chem. Eng. News, 
29, 467 (1951). 

This paper was presented as an address 
before the Air and Stream Pollution 
Section of the Twelfth International 
Congress of Pure and Applied Chemistry. 
The article summarizes the present situa- 
tion of acid mine drainage, oil field brines, 
and silt deposits in water channels. Air 
pollution is also discussed. R. 8. INGous 


Sewage Purification by Rock Filters— 
Performance of Standard-Rate Trick- 
ling Filters. By J. H. Sorrets anp 
P. J: A. Zevier. Bull., Agric. and 
Mech. Coll. of Texas, 6, 1 (Nov. 1, 1950). 
Trickling filters receiving loads of 650 

lb. B.O.D. per acre-foot per day produce 

effluents of similar quality to those 
produced under 450-lb. loading. Loads 
up to 1,000 Ib. B.O.D. per acre-foot per 
day may be handled with moderate 
additional dilution in the receiving stream, 
but efficiency decreases with loadings of 
more than 1,000 lb. Settled sewage was 
applied to four experimental rock filters 
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at varying B.O.D. loads; rate of flow was 
different, but was held constant for each 
filter. Criteria for determining filter 
performance were removal of applied 
B.O.D., removal of applied suspended 
solids, and formation of nitrates. Com- 
posite curves are given for use in filter 
design. H. P. ORLAND 


Determination of Oil in Refinery Waste 
Waters, A Benzene-Extraction Method. 
By A. F. S. Musante. Anal. Chem., 
23, 1374 (1951). 

The method described uses large samples 
for wet extraction and separates the 
solvent from the extracted oil by distilla- 
tion instead of using an open evaporating 
dish. Intimate mixing of the solvent 
with the sample is achieved by a motor- 
driven impeller mounted on a cork, which 
fits into a regular l-gal. jug. The sample 
is 3 1. and the shaft of the motor extends 
about 2 in. into the water layer. At least 
two extractions with the solvent are 
made and then the entire sample is 
placed in a separatory funnel. The 
aqueous layer is discarded and the benzene 
layer is placed in a standard taper flask 
with an air condenser, which leads into 
the open end of a water condenser. After 
removing most of the solvent, the residue 
is transferred into a tared miniature still 
assembly heated with a closely wrapped 
coil. A thermocouple in a thermometer 
well is placed in the flask to check the 
temperature rise when the solvent has 
been completely evaporated. The thermo- 
couple is particularly important where 
the sample contains low-boiling oils. 
The method gains its particular advantage 
in the separation of the low-boiling oils 
from the solvent where it is shown that 
kerosene is completely lost by trying to 
separate the solvent from kerosene with 
an open dish evaporation of the solvent 
from the residue. The method shows 
good sensitivity and accuracy at known 
oil values in the range of 10 to 25 p.p.m. 

R. INGous 


Magnesia-Base Sulfite Pulping. By W. 


Q. R. E. Baker, C. E. 
Rogers. Ind. Eng. Chem., 43, 2424 
(1951). 

In a recent survey of the pulp and paper 
mill industries’ waste disposal problem, a 
leading authority stated that the problem 
would be solved in 10 years. This report 
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of a 275-ton per day production of paper 
by magnesia-base sulfite pulping is one 
of the reasons for optimism about the 
reduction in stream pollution by the 
pulp and paper industry. 

Calcium sulfite pulping wastes are not 
subject to concentration and re-use for 
two major reasons: the scaling of the 
evaporator equipment and the formation 
of calcium sulfate in the combustion of 
the concentrated process waters. The 
magnesia sulfite pulping wastes answer 
these two problems, because the mag- 
nesium salts are so much more soluble 
than calcium and in the combustion of the 
concentrated process waters there is a 
chemical disintegration to magnesium 
oxide, which can be recovered from the 
ash and stack, as well as sulfur dioxide, 
which can be reclaimed. The flow sheet 
of the magnesia sulfite pulping mill looks 
very much like that of a kraft paper mill, 
except that there is a large sulfur dioxide 
recovery step that is lacking in the kraft 
mill. 

No direct figures on the nature of the 
plant wastes are given in the article, 
but there is a consumption of 85 lb. of 
sulfur per ton of paper at the present 
time, whereas calcium-base pulping con- 
sumes 270 lb. of sulfur per ton of paper. 
It is expected that as the capacity of the 
recovery mill is increased to meet the 
actual paper production use of make-up 
sulfur will be reduced still further. The 
weight of magnesia per ton of paper is 
only 50 Ib., as against 350 Ib. of lime rock 
per ton. Thus, at least two-thirds of the 
waste from a caleium sulfite mill is 
being used for heat at the paper mill using 
magnesia base pulping. R.S. INGous 


Portable Meter for Determining Dis- 
solved Oxygen. By G. A. Marsa. 
Anal. Chem., 23, 1427 (1951). 


In the disposal of oil field brines, it is 
desirable to reduce their corrosiveness. 
This is done by aerating to remove carbon 
dioxide and then de-aerating to remove 
dissolved oxygen. It is very important to 
have some means that can be used in the 
field for checking dissolved oxygen which 
is not influenced by the dissolved salts of 
the brine. A simple portable polaro- 
graphie instrument has been developed 
which uses a rotating platinum electrode 
against a calomel reference cell. Dis- 
solved oxygen values can be obtained in 
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natural brines with an accuracy of + 5 
per cent. The instrument is operated by 
batteries and has some electronic magni- 
fication for stability. 

It is stated that the instrument does 
not operate with a straight-line calibration 
in fresh water, but does operate at various 
salt concentrations above 1 per cent 
with no change in calibration. The 
instrument has been successfully used in 
controlling dissolved oxygen at brine 
handling plants. R. S. INGous 


Industrial Wastes—-Ozone Provides an 
Economical Means for Oxidizing Phe- 
nolic Compounds in Coke Oven Wastes. 
By Harotp R. Murpock. Ind. Eng. 
Chem., 43, 125A (Nov., 1951). 

Because ozone does not attack ammonia 
and some of the other constituents of 
ammonia still wastes, it can compete 
economically with chlorine in destruction 
of phenols in these wastes. Where 5,000 
to 6,000 p.p.m. of chlorine are required, 
only 500 to 600 p.p.m. of ozone are 
required to destroy the phenols. Further, 
ozone is so unstable that no residual 
effect will carry over in the treatment 
plant effluent, whereas some of the 
chlorine compounds are very persistent 
and control of the effluent must be con- 
sidered. At the moment, chlorine is in 
short supply, whereas ozone can be 
generated from air or oxygen gas and 
electrical power. Even with the cost of 
equipment for generating ozone con- 
sidered, the cost of ozone over a period 
should be able to show a favorable cost 
balance. R. 8. INGous 


Summary Report on Water Pollution: 


California Drainage Basins. U. S. 
Public Health Service Publ. No. 86 
(1951). 


This fourth in a series of summary 
reports on major drainage basins of the 
United States points out that sewage 
and waste treatment projects are needed 
at 220 municipal and industrial locations 
in the California Basin to bring water 
pollution under proper control in an 
area including nearly all of California 
and part of southern Oregon, from the 
Smith and Klamath Rivers on the north 
to the Mexican border on the south. 

A total of 529 municipalities, institu- 
tions, and sanitary districts discharge 
sewage, including industrial wastes dis- 
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charged through public sewer systems, 
with a population equivalent of 8,500,000. 
There are also 443 known separate 
industrial waste outlets in the basin. 
Of these, 83 produce organic wastes with 
a population equivalent of 2,800,000; 297 
produce organic wastes of undetermined 
population equivalent; and 63 produce 
inorganic wastes or wastes of undetermined 
type. 

On the basis of available data, 220 
sewage and waste treatment projects 
are needed in the basin, ineluding 204 
for municipalities, with population of 
2,755,000, and 16 for industries. Many of 
the municipal plants treat industrial as 
well as domestic wastes. Indicated needs 
for municipalities include 84 new treat- 
ment plants, enlargements or additions to 
62, and replacement of 58 plants. Because 
of the scanty information available on 
industrial wastes, the known treatment 
plant needs in industry, indicated in the 
report as 9 new plants, 6 enlargements or 
additions, and | replacement, are undoubt- 
edly only a small part of the total needs. 

No projects are needed at 232 municipal 
and 38 industrial locations, but project 
needs are undetermined for 13 municipal- 
ities and 389 industries. Sewage and 
waste treatment facilities are provided by 
438 municipalities and 199 industries. 

No estimate of costs for the indicated 
needs is made because California law 
prohibits specification by the authorities 
of type and degree of treatment, which 
are important factors in arriving at costs. 
Limited information on the industrial 
waste treatment needs also would make 
any cost estimate misleading. However, 
a range of cost figures (from $10 to $60 per 
capita) is suggested for projection of the 
2,750,000 population to total cost of the 
improvements. This is exclusive of the 
industrial waste treatment costs. 

H. P. ORLAND 


Effluents From Fermentation Industries: 
Part I. A Review of Methods of Disposal 
and Utilization. By G. J. Sranper. 

Pub. Health (So. Africa), 14, 8, 243 

(1950). 

The National Chemical Research Lab- 
oratory (So. Africa) conducts investiga- 
tions to enable industries to overcome 
disposal problems. The results of an 
investigation on disposal of distillery 
wastes are presented in five parts. 
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A review of literature shows that some 
distillery residues can be used to produce 
vitamins, animal feeds, or tartaric acid, 
but that such procedures are not always 
economical. Results of studies and treat- 
ment methods, mainly those used in the 
United States, are reviewed, resulting in 
the conclusion that, although there is a 
lack of usable and constructive data 
published, treatment by biological meth- 
ods and in particular by the anaerobic 
fermentation process holds out definite 
promise. 


Part II. The Significance of the Solid 
Phase and of Volatile Acid Development 
in the Anaerobic Method of Treatment. 
By G. J. SranpeR anp C. G. Hive. 
Pub. Health (So. Afriea), 15, 2, 38 and 
15, 3, 71 (1951). 

A review of research on digestion shows 
that a solid phase is beneficial and that 
volatile acid production should be limited. 
Tests covering these factors were made 
in flasks set in thermostatic baths at 55° C. 

Distillation residues from the production 
of ethyl alcohol, from both sugar cane 
(slop liquor) and from grape 
(still liquor) were used. Tables 
covering each type of waste and test show 
mineral composition, general analyses, 
composition of supernatant after 6 and 
206 days’ feed, volatile acids and gas pro- 
duction for each rate of feed, and reduction 
of organic carbon after 45 days at the 
highest rate (80-day digestion period). 

In the first series, four flasks were 
charged, each with 1,500 ml. of filtered 
sewage digester supernatant, and 100 g. 
of powdered asbestos, bentonite, coal and 
kieselguhr, respectively, and the fifth with 
only digester supernatant. 


molasses 
juice 


When main- 


tained 4 to 5 days as a closed system, 
500 mi. of filtered inoculum prepared from 


molasses slop was added. Feeding started 
48 hr. later at 1 ml. of slop liquor per day 
and was gradually increased to 50 ml. 
Settled supernatant was analyzed. 

On straight slop liquor, the absence of a 
solid phase did not retard gas production, 
but a solid phase was produced in the 
blank digester. Comparison of results 
from each digester showed few significant 
differences. On the basis of 4-hr. oxygen 
consumed (no B.O.D.’s were run), tests 
with asbestos showed the greatest redue- 
tion (67.4 per cent). Reduction for 
others, including the blank, varied from 
59.0 to 62.1 per cent. In all cases the 
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rise in volatile acids was rapid, varying 
from 600 to 1,145 p.p.m. at a feed of 5 ml. 
per day. 

The sulfate concentration of the slop 
was reduced from 6,750 to 500 p.p.m. 
and tests were run using blank and 
asbestos-treated digesters. Results were 
much better than before and the solid 
phase showed no advantage. The pro- 
portion of organie carbon in the feed 
converted to gas averaged 67.6 per cent 
for treated wastes and 54.7 per cent for 
the untreated. The rate of feed was 
increased to the maximum more rapidly 
for the treated, with little increase in 
volatile acids (340 p.p.m. maximum). 
These series proved that sulfates in the 
slop had a retarding effect on digestion. 

It was concluded that the organic 
concentration of wine still liquor falls 
within the range of sewage sludge, and the 
sulfate content is only 400 to 500 p.p.m. 
Tests were conducted as before and 
repeated in three digesters. Conversion 
of organic carbon to gas ranged from 
76.6 to 84.8 per cent, except in the blanks, 
where it was 69.7 and 70.1 per cent. 
Only the blank digesters showed signs of 
deterioration before the end of the test, 
volatile acids reaching 2,180 p.p.m. at a 
feed of 30 ml. per day. For the solids 
phase tests, only once, at the 50-ml. rate, 
was the volatile acids content high (1,430 
p.p.m.). 

It was concluded that the rise in volatile 
acids was due to an unbalance in the 
complex bacterial activity, brought about 
by large quantities of sulfates, rather 
than to high rates of feed. <A discussion 
is devoted to factors affecting bacterial 
balance during digestion. 


Part III. The Influence of High Concen- 
trations of Sulphates in the Anaerobic 
Digestion Method of Treatment at 
Thermophilic (55° C.) and Mesophilic 
(33° C.) Temperatures. By G. J. 
STANDER AND J. F. Exsworrn. Pub. 
Health (So. Africa), 15, 9, 198 and 15, 
12, 267 (1951). 

Studies were repeated on molasses slop 
high in sulfates, to determine the influence 
of sulfates, the differences between mes- 
ophilie and thermophilie digestion of 
liquors containing high and low concentra- 
tions of sulfates, and the degree of conver- 
sion of sulfates to HS. 

Digestion flasks containing asbestos 
were prepared and operated at 55° C. as 
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described in Part Il. Inoculum using 
neutralized slop was likewise prepared as 
described. De-sulfated slop and normal 
slop with the pH adjusted to that of the 
de-sulfated was first used. Results 
showed that it was possible to increase 
the feed of de-sulfated slop to 50 ml. per 
day without much rise in volatile acids, 
whereas on the normal slop it could not 
be increased above 20 ml. per day. A 
difference of 15.5 per cent in the amount of 
organic carbon converted to gas clearly 
showed the inhibitory influence of the 
sulfates. 

For the next series de-ionized molasses 
slop was divided into three portions, 
which were then re-mineralized alike, 
and to which were also added: to No. 1, 
yeast extract; to No. 3, sufficient ammo- 
nium sulfate to give a sulfate content 
over 5,000 p.p.m.; and to No. 2, ammo- 
nium chloride to give the same ammonium 
nitrogen content as in No. 3. Two flasks 
of each were prepared, one digested at 
55° C. and the other at 33° C. 

At 55° there was a marked difference in 
the percentage of organic carbon converted 
to gas (37.4 per cent in sample No. 3, 
compared to 57.8 per cent in each of the 
others). Volatile acids increased rapidly 
in No. 3, rising to 4,100 p.p.m. in 48 days, 
with a maximum loading of 50 ml. per 
day; the other digesters were operated 
longer at a loading of 80 ml. per day with 
hardly any rise in volatile acids. At 33° 
the inhibiting effect of the sulfate on gas 
production was demonstrated, but its 
presence did not seem to contribute 
greatly to the volatile acid increase. It 
was also found that when the rise in 
volatile acid production was accompanied 
by a drop in pH, gas production decreased 
rapidly, but a rise in volatile acid produc- 
tion with no change in pH did not affect 
gas production. 

The “sulfate ion was reduced almost 
completely by thermophilic and mesophilic 
anaerobic fermentation.”’ The percentage 
of sulfate collected as H.S was highest at 
55°, but the average percentage of H.S in 
the gas was the same at both temperatures, 
being approximately 0.42 per cent for 
sample No. 3. 


PartIV. New Method for Increasing and 
Maintaining Efficiency in the Anaerobic 
Digestion of Fermentation Effluents. 


By G. J. Sranper. Pub. Health (So. 
Africa), 14, 9, 263 (1950). 
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The active bacterial population in a 
sewage sludge digester is developed from 
raw sludge by establishing favorable 
environmental conditions and the addition 
of raw sludge is, in effect, a re-inoculation. 
In feeding waste liquors such as molasses 
slop, containing only specific organisms 
of manufacture, to an active digester, no 
fresh supply of bacteria for anaerobic 
digestion is added. A method of opera- 
tion was studied involving the addition 
of an inoculum to remedy the bacterial 
unbalance indicated by volatile acid 
development. 

Tests were made using still liquor, and 
apparatus and procedure the same as 
that used for previous studies. Inoculum 
was prepared by feeding small amounts 
daily of still liquor and raw sewage sludge 
to a separate digester started from super- 
natant sewage digester liquor, powdered 
asbestos, and actively digesting sludge. 

Two batches were digested at 33° C. and 
one at 55° C. Feeding continued to a 
digestion period of 7.5 days, and when 
volatile acid production started increasing, 
200 to 300 ml. of supernatant was with- 
drawn and replaced with the inoculum. 
In all instances the volatile acid concen- 
tration was effectively controlled. At 
55° an average of 88.7 per cent organic 
carbon was converted to gas and there was 
a reduction of 92.5 per cent oxygen 
consumed (4 hr.) At 33° the averages 
were approximately 82 and 95.5 percent, 
respectively. 

Tests also were made using wastes 
from the manufacture of bakers yeast, 
from cane sugar, molasses, and malt. The 
high sulfate content (1,380 to 2,700 p.p.m.) 
caused difficulties in preparing the inocu- 
lum, which were overcome by starting 
with still liquor. 

Experiments at 33° were discontinued 
at a digestion period of 3.75 days with 
the digester still in good condition. At 
55° the digester failed when a 30-day 
digestion period was reached, and addition 
of inoculum could not restore it. At 
earlier stages, though, the inoculum did 
help. At 33°, addition of inoculum im- 
mediately arrested the rise of volatile 
acids, the highest measured being 385 
p.p-m. At 33°, conversion of organic 
carbon to gas was 53.7 per cent and 
reduction in oxygen consumed 73.6 per 
cent. At 55° these figures were 38.8 
per cent and 58.9 per cent, respectively. 
Complete tables are given. 
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General consideration of results shows 
that the ammonia nitrogen concentration 
of the digester liquors had very little 
effect on gas production. Although di- 
gester liquors were still stronger than 
domestic sewage, they were made more 
amenable to aerobic treatment. 

Wa. A. HASFUTHER 


Part V. Re-Inoculation as an Integral Part 
of the Anaerobic Digestion Method of 
Purification of Fermentation Effluents. 
By G. J. STaANDER AND R. SNyYDERs. 
Pub. Health (So. Africa), 16, 2, 28; 16, 
3, 47; 16, 4, 89; and 16, 5, 109 (1952). 
Experiments were made using still liq- 

uor, yeast waste, and molasses slop, with 
re-inoculation practiced as an integral part 
of the digestion and not as a remedial 
measure only. Inoculum digesters fed 
with each type of waste and fresh sewage 
sludge were maintained for the duration 
of the experiments. 

A digester flask for each waste was 
started from actively digesting sewage 
sludge and inoculum. After regular feed- 
ing started, 150 ml. of inoculum was added 
every 48 to 96 hr., depending on the daily 
feed volume. At high feeds (33° C.) 
gasification was so vigorous that the solid 
phase failed to settle out and the super- 
natant liquors removed were centrifuged 
and the sediment returned to the digester. 

Wine still liquor and yeast waste experi- 
ments were discontinued when the diges- 
tion period reached two days, although 
results indicated that a higher feed could 
be used. Molasses slop tests were discon- 
tinued at a digestion period of 3.75 days 
because of the high oxygen consumed 
value of the effluent, although otherwise 
there was no sign of deterioration. 

The following loadings (lb. per cu. ft.) 
were calculated on the basis of maximum 
feed: 

Still Yeast Molasses 
Waste | Waste | Slop 


0.281 | 0.108 | 0.21 
0.80 


Oxygen cons. | 
Tot. solids 0.855 0.475 
Vol. matter 0.73 0.372 0.546 
Org. matter 0.462 0.191 0.267 


Per cent reductions in the waste liquor 
before and after digestion at the maximum 
rate follow: 
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— 
| Still | Yeast | Molasses 
Waste | Waste Slop 


Org. C to gas | 85.5 | 42.8 | 48.6 
Org. Carbon 95.3 | 81.8 | 66.5 
Sulfate | 61.5 | 94.2 | 87.4 
Oxygen cons. (4 hr.) | 96.4 | 75.3 | 69.7 


At no time did the volatile acid content 
get too high for good operation, and even 
with molasses slop at a sulfate concentra- 
tion of 2,865 p.p.m. only once did the 
volatile acids exceed 1,000 p.p.m. 

Sludge in all digesters increased notice- 
ably. That it carried a considerable 
proportion of the active bacterial popula- 
tion was evidenced by a steep rise in 
volatile acid production and drop in gas 
production when about 25 per cent of the 
sludge was removed in three days. 

In the case of both still liquor and yeast 
waste the organic nitrogen decreased con- 
siderably, but no accumulation of ammonia 
was observed. 

These papers also include discussions 
on nitrogen changes, gas content, solids, 
and pH, and are replete with full tables of 
results worthy of careful study. 

Wo. A. HASFURTHER 


Lake Erie Pollution Survey—Interim 
Report. Dept. of Natural Resources, 
State of Ohio (Apr. 1951). 

The primary purposes of the survey 
were the determination of chemical, phys- 
ical, and bacterial quality of Lake Erie 
waters and of the waters of the principal 
rivers discharging into Lake Erie, from 
Ohio basins, and to recommend methods 
of elimination or reduction of pollutants. 
Work of the survey was conducted by the 
Division of Water, Ohio Department of 
Natural Resources; Division of Engineer- 
ing, Ohio Department of Health; and 
the Franz Theodore Stone Laboratory. 
Studies extended from June through 
September 1950. 

Sampling and testing for coliforms at 
the waterworks intakes along the Ohio 
side of Lake Erie showed the water in all 
cases to be of satisfactory quality for 
domestic supply, provided adequate treat- 
ment followed. The coliform count, in 
indicated numbers per 100 ml., was well 
under 500 on a seasonal average basis. 
The maximum allowable is 5,000 per 
100 ml. 
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The results of sampling at bathing 
beaches were not nearly so satisfactory. 
At 11 out of 25 bathing beaches the 
seasonal average of coliform was above 
1,000 per 100 ml., the maximum allowable. 
The greatest pollution occurred in the 
metropolitan Cleveland area and extended 
25 or 30 miles either way from the area. 
The seasonal average at 7 beaches within 
the immediate Cleveland area was approx- 
imately 30,000 coliform per 100 ml., which 
is alarming. 

Dissolved oxygen and B.O.D. examina- 
tions of tributary waters were made and 
it was found that the Maumee and the 
Cuyahoga Rivers had B.O.D. in excess of 
dissolved oxygen content, indicating gross 
pollution. 

Chemical and physical properties of 
tributary and lake water were studied 
and included the following analyses: 
discharge, water temperature, suspended 
sediment, dissolved solids, oxygen con- 
sumed, dissolved oxygen, phenol, cyanide, 
color, pH, specific conductance, silica, 
iron, copper, chromium, calcium, magne- 
sium, sodium, potassium, carbonate, bi- 
carbonate, sulfate, fluoride, nitrate, and 
hardness. Each major drainage basin 
was studied in light of the above analyses, 
and causes and character of pollutants 
pointed out. 

Suspended sediment stations were estab- 
lished on four rivers discharging into 
Lake Erie and provisional results of the 
suspended silt load were reported. 
KENNETH W. CosENS 


New Copper-Specific Group. By J. Hoste. 

Anal. Chim. Acta, 4, 23 (1950). 

In searching for a specific reagent for 
copper, a number of compounds were 
prepared and tested. 2-2’ diquinolyl was 
found to form a copper complex, which 
can be extracted from aqueous solution 
by amyl alcohol. The reaction is specific 
and sensitive and can be used for the 
determination of copper, even in the 
presence of a large excess of other ions, 
including iron and nickel. A method of 
using 2-2’ diquinoly! for the detection and 
colorimetric determination of copper is 
described. H. P. ORLaAND 


Spectrophotometric Determination of Cop- 

per as Diethyldithiocarbamate. By T. 
C. J. Ovenston anp C. A. Parker. 
Anal. Chim. Acta, 4, 135 (1950). 
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Dialkyldithiocarbamates, which form 
colored complexes with many common 
metals, can be used in the determination 
of copper. Ammonium citrate is added 
to the solution containing the precipitate 
of copper and the complex is then extracted 
with carbon tetrachloride. The absorp- 
tion spectrum shows a maximum at 4,360A. 
and is unaffected by other metallic absorp- 
tions at this wavelength. Because the 
absorption of the colored complex is des- 
troyed by exposure, light should be ex- 
cluded as far as possible during the 
determination. Corrections must be 
made for the presence of bismuth, cobalt, 
and nickel. The method may be used for 
amounts as small as 0.2 g. of copper. 

H. P. 


Some Notes on the Analysis of Sewage 
and Trade Effluents. By M. Loverr 
AND H. Fisu. Jour. and Proc., Inst. 
Sew. Purif., Part 1, p. 5 (1950). 

Some of the simpler, shorter, or perhaps 
less accurate methods of analysis, together 
with limitations and precautions regard- 
ing each method, are listed by the authors 
or discussers. The following methods are 
presented : 

1. Indicators and pH determinations. 
Objectives of new indicators are sharper 
end points, particularly when titrating 
colored solutions. Indicator papers for 
pH are discussed. 

2. Oxygen absorbed. 

3. Ammonia nitrogen. 

4. Cyanide. 

5. Thiocyanate. 

6. Metallic substances, including ferrous 
and ferric iron, copper (four methods), 
chromium, and chromate. 

K. W. Cosens 


Synthetic Detergents and Sewage Proc- 
essing. By A. LAwRENCE WaADDAMS. 
Jour. and Proc., Inst. Sew. Purif., 
Part 1, p. 32 (1950). 

Detergent processes in general are 
explained, with the differences between 
soaps and synthetic detergents being 
pointed out. Discussion of the various 
types of detergents includes the economic 
aspects involved in their use. It is 
pointed out that diminishing oil and fat 
production has added to the demand for 
detergents in both the domestic and in- 
dustrial markets. Increasing demands for 
detergents also are based on the merits and 
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applications of the synthetic detergents 
themselves. 

Negligible effects on primary sedimenta- 
tion are shown at concentrations below 
40 p.p.m. sodium secondary alkyl sulfate. 
Use of detergents in concentrations as high 
as 100 p.p.m. sodium secondary alkyl 
sulfate produces no bactericidal effect on 
B. coli and B. proteus, but some lethal 
effect has been produced on Staph. aureus 
at half this concentration. 

Preliminary reports indicate that high 
concentration of detergents does not 
affect Little effect 
on settlement of humus sludge is expected, 
as most of the detergents precipitate in 
the primary sludge and the remainder 
largely decomposes on trickling filters. 

Grease recovery effects are not reported. 

No mention is made of the activated 
sludge process or any form of aeration and 
the effects of detergents. (F. I. Norris, 
Cincinnati, Ohio, reports that 6 p.p.m. of 
one detergent causes foaming of aeration 
tanks.) 

The author suggests chemical or me- 
chanical flocculation as an aid in treatment 
in case of exceptional concentrations of 
detergents. Discussers pointed out that 
410 p.p.m. of sodium secondary alkyl 
sulfate was enough to cause complete 
failure of sewage treatment plants depend- 
ing on acid precipitation. Discussers 
agreed that 20 p.p.m. of sodium secondary 
alkyl sulfate put about 50 per cent greater 
B.O.D. load on secondary treatment 
processes. It also was agreed that trick- 
ling filters removed almost all detergents 
coming to them, but that the small 
amounts left increased plant effluent 
B.O.D. considerably, sometimes as much 
as 400 per cent. K. W. Cosens 


anaerobic digestion. 


Instrumentation In Sewage Works Prac- 
tice. By H. M. Brown anv A. 
Linrorp. Jour. and Proc., Inst. Sew. 
Purif., Part 2, p. 104 (1950). 

A rather complete discussion is given 
on fluid flow meters for both open channel 
and closed conduit conditions. The 
authors suggest that, for an activated 
sludge plant treating 2 m.g.d. or more, 
flow meters should be located at the 
following strategic points: Venturi tube 
on low-lift pump discharge, Venturi flumes 
on each grit chamber discharge, Venturi 
tubes on inlets to each primary settling 
tank, Venturi tubes 


ont each aeration 
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tank effluent line, Venturi tube on return 
activated sludge line, sludge meters on 
sludge lines from storm settling tanks, 
primary, and final settling tanks, as well 
as on the digested sludge line, and a 
gas meter on the digested gas outlet line. 

It is brought out that with low hydraulic 
losses it is often difficult to split flow 
evenly to multiple tanks operated in 
series by means of symmetrical piping 
or channel inlets, and that overloading of 
some tanks will occur if meters are not 
installed on individual tanks. 

Advantages and disadvantages of Venturi 
tubes and orifice plates are discussed. It 
is suggested that gas meters usually could 
be of the integrating type only. Caution 
is given regarding corrections for changes 
in density of the fluid being measured 
(for example, air and the effect on density 
caused by temperature changes). 

In connection with open channel flow 
measuring devices, weirs are not discussed, 
because they are more commonly under- 
stood. A very thorough discussion is 
given of the Venturi flume. Methods of 
installing, shapes of flumes, hydraulics of 
flumes, and flow head transmission are 
discussed. The many advantages of the 
Venturi flume are emphasized. 

Methods of transmission of flow 
measurements from primary flow devices 
to indicators and recorders are discussed. 

An unusual regulating valve or device 
for preventing excess sewage flow from 
entering the plant, thus diverting storm 
flows, is presented. The regulator is 
available in sizes from 4 in. to 54 in. and 
is designed to allow flows to vary up to 
3 times the dry weather flow and to 
bypass all excess flows. The successful 
operation of this regulator requires that 
it be installed in connection with a 
Venturi flume. K. W. Cosens 


Unusual Features of Sewage Treatment 
at Nottingham. By A. R. Srone anp 
W. E. Assorr. Jour. and Proc., Inst. 
Sew. Purif., Part 2, p. 116 (1950). 


From 1877 to 1936 sewage irrigation or 
sewage farming was practiced with limited 


to unsatisfactory results. In 1936, de- 
tritus tanks, screening, and primary 
settling, with sludge disposal in lagoons, 
were provided. 

It was intended that sludge would be 
drawn into the lagoons, allowed to dry, 
and then be plowed into the soil. 
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This method was very unsatisfactory. 
Later a greater area of land was secured 
and it was possible to allow the sludge 
to dry 4 months, to a 3-in. thick layer, at 
which time it was successfully plowed 
into the soil with tractors. Crops follow 
this in season. 

A considerable amount of study was 
reported on efforts to use the green algae 
as an aid in the stabilization of settled 
sewage. An attempt was made to cor- 
relate the plant work with a parallel 
laboratory investigation. It was con- 
cluded that the presence of algae prevented 
the escape of odors causing nuisance in the 
plant area. 

The authors carefully brought out the 
fact that B.O.D. could easily be increased 
or decreased by the photosynthesis proc- 
ess. The organic material developed by 
photosynthesis being decomposed during 
the night, when oxygen production was 
at a standstill, might increase B.O.D., 
although daytime oxygen production 
would reduce B.O.D. K. W. Cosens 


Burgh of Motherwell and Wishaw—Clyde 
Park Sewage Purification Works. ANon. 
Jour. and Proc., Inst. Sew. Purif., Part 
2, p. 126 (1950). 

The plant is designed for a flow of 1.5 
m.g.d., serves a population of 26,400, and 
consists essentially of screening, grit re- 
moval, storm-water tanks, pre-aeration 
tanks, primary settling, compressed air- 
type activated sludge, final settling, sludge 
digestion, and sludge drying beds. 

Screens have a clear opening of 1 in. and 
are equipped with a raking mechanism 
and disintegrator pump, which returns the 
ground screenings to the flow. The pump 
is activated by a float mechanism, which 
operates on the head loss through the 
screen. A manually raked by-pass screen 
is provided. 

Conventional detritus removal is pro- 
vided, grit being loaded into narrowgage 
ears and thence into trucks and carted 
away. 

Storm-water or balancing tanks capable 
of handling three times dry-weather flow 
at a l-hr. detention period, are provided. 
They are constructed with longitudinal 
ridge-furrow bottoms having sufficient 
bottom slope to facilitate cleaning after 
use. Dry-weather flow utilizes only one 
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channel. Flow in excess of three times 
dry weather is by-passed to the river. 

A Venturi flume measures the plant 
flow after passing through the storm 
tanks on the way to pre-aeration tanks, 
which are equipped with ridge and furrow 
bottoms. Mechanical flocculation and 
grease removal are accomplished in a 
45-min. detention period with diffused air. 

Dry-weather detention in the primary 
sedimentation tanks is 6 hr. Continuous 
scrapers move the sludge to the inlet end 
hoppers, where it is removed under 
hydrostatic head by telescoping sludge 
valves. Automatic scum removal is also 
provided. 

From the primary tanks the sewage 
passes to ridge and furrow aeration tanks, 
where it is mixed with settled activated 
sludge. Diffused air aeration at 6 Ib. per 
sq. in. pressure is continued for 8 hr., with 
the sewage then passing through an 
aerated channel to the final settling 
tanks, where 6-hr. detention is provided. 

Activated sludge is continuously drawn 
from the hopper bottomed final tanks 
through telescoping valves and is split 
for return to the influent of the aeration 
tanks and waste to the pre-aeration tank 
inlet. Air lift pumps are used for return- 
ing activated sludge. 

Sludge collected in the storm-water and 
primary tanks is pumped to the primary 
digester, equipped with floating cover and 
heated by hot-water coils, which are 
mounted on the rotating arm of the 
stirring mechanism. Partially digested 
sludge passes from the primary digester 
to the secondary-stage digester, which is 
only half as large. Approximately 3 cu. 
ft. per capita sludge digestion space is 
provided. Supernatant is drawn off the 
secondary digester; gas is collected in the 
primary stages and used at the plant for 
heating and lighting. 

Sludge is metered as drawn from the 
secondary digester to open sludge drying 
beds, which provide 1.5 sq. ft. per capita. 
The 9-in. sludge layer dries to a 3-in. cake 
and is disposed of as manure. Sludge 
bed drainage is returned to plant inflow 
by float-controlled pumps. 

Air compressors are vertical twin- 
cylinder low-pressure machines driven by 
electric motors. Sludge pumps are of the 
single-plunger type. Total plant cost was 
approximately £140,000. 

K. W. Cosens 
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Rapid Gravity Sand Filtration of Humus 
Effluent Without Coagulants. By J. J. 
C. Heynike J. W. H. Westor. 
Jour. and Proc., Inst. Sew. Purif., Part 
2, p. 135 (1950). 

Pilot plant studies made at the Ancor 
sewage treatment works of the town of 
Springs, South Africa, are reported. After 
trials of filtering humus tank effluent 
through pressure filters at 10-ft. and 6-ft. 
loss of head, it was decided to continue 
the experimental work using gravity 
filters and a head loss of 6.75 ft. 

The filtering media consisted essentially 
of strata as shown in the following: 


Screen Size 


Depth and Description 
Retained 


2 in. under drain coarse 
stone 

3 in. pebbles 

3 in. coarse sand 

6 in. sand 

2 in. stone 

20 in. sand 


! Tyler mesh. 


Results of one of the experimental 


runs are reported as follows. After 1.5-hr. 
detention, humus tank effluent was applied 
to the sand filter at a rate of 155 gal. 
(Imp.) per sq. ft. per hr.; suspended 
matter was reduced 80 per cent (from 25 
to 5 p.p.m.); 4-hr. oxygen absorbed was 
reduced 30 per cent (from 9.6 to 6.7 
p.p.m.); and 5-day B.O.D. was reduced 
49 per cent (from 19.7 to 10.1 p.p.m.). 

Considerable work was done in develop- 
ing backwashing methods and rates. 
The authors concluded that backwash 
rates of 22 to 25 gal. (Imp.) per sq. ft. per 
min., providing 40 to 50 per cent sand 
expansion, were satisfactory. At this 
rate, 50 to 60 gal. of filter effluent per 
square foot of filter was needed for 
satisfactory backwashing. Mud balls 
formed and could be removed only with 
the use of air in the backwashing process. 

The effect of chlorination of humus 
tank effluent before filtration is suggested 
as a subject of further investigation. 

K. W. Cosens 
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Effect of Urea on the Determination of 
Ammonia in Sewage. By S. H. Jen- 
Kins. Jour. and Proc., Inst. Sew. 
Purif., Part 2, p. 149 (1950). 

The following conclusions to a study of 
the subject are given: 

1. Normal domestic sewage, freshly 
sampled at a sewage works, may contain 
an appreciable amount of urea. 

2. The urea is hydrolyzed to ammonia 
completely by incubating the sewage for 
2 hr. at 33° to 35° C. with 5 urease tablets 
per liter of sample. 

3. The urea in normal domestic sewage 
is also hydrolyzed by allowing the samples 
to stand for 24 hr. at room temperature 
without added urease. 

4. Secondary sedimentation tank efflu- 
ent and final effluent gave the same 
ammoniacal nitrogen figures before and 
after incubation at 33° C., before and 
after keeping for 24 hr. and before and 
after incubation with urease. 

5. Evidently, trade wastes (acid) in- 
activated the added urease, as well as the 
normal urease of the sewage. 

6. Urea in sewage is partly recovered 
as ammonia by distillation. 

7. Fresh samples of sewage should not 
be analyzed for ammoniacal nitrogen 
until after standing 24 hr., unless the 
analyst is interested in the urea content. 
Precautions should be taken to be sure 
that urea is hydrolyzed, otherwise the 
results of ammoniacal and organic nitrogen 
content are affected. Ordinarily, sewage 
samples contain no urea. Fresh sewage 
which does not show an increase in 
ammoniacal nitrogen content on storage 
or on incubation with urease and has had 
a presistently high organic nitrogen con- 
tent may be suspected of industrial wastes 
inhibiting the hydrolysis of urea. 

K. W. Cosens 


Observations on the Determination of 
Nitrite in Sewage Effluents. By L. 
Kuen. Jour. and Proc., Inst. Sew. 
Purif., Part 2, p. 153 (1950). 
Comparison of nitrite determinations 

in sewage effluents by the Griess-Ilosway 

and m-phenylene diamine methods showed 
there was good agreement between the 
two methods. Concentration of the chlo- 
ride ion, affected by adding NaCl, up to 

500 p.p.m. had little effect on the results; 

even up to 10,000 p.p.m. the effect was 

small. The amount of chloride ion 
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normally present in sewage effluents can 
have no significant effect on the deter- 
mination of nitrite by either method. 

K. W. Cosrens 


Annual Report—1950-51 : Delaware Water 
Pollution Commission. 12 pp. (1951). 
Following brief reviews of the field and 

laboratory operations and the publicity 

campaign being carried on by the Commis- 
sion, the report outlines the major points 
of the Wilmington-New Castle County 
trunk sewer project, on which construction 
began in March 1951. Tentative com- 
pletion date for the entire project is late 

in 1954. 

The project consists basically of 5 large 
interceptors in Wilmington and 7 long 
trunk sewers to various developed areas 
in the county. Approximately 65 per 
cent of the population and 45 per cent 
of the industry of the state are located in 
the area, which comprises less than 10 
per cent of the state’s area. 

The waste treatment plant, in the 
Wilmington area, will be of primary 
treatment type, designed to handle an 
average of 40 m.g.d. and a maximum 
storm flow of 160 m.g.d. Present es- 
timated population is 150,000; ultimate 
population, 250,000. Average sewage flow 
consists of 27 per cent domestic, 40 per 
cent large industrial, 13 per cent large 
commercial, and 20 per cent infiltration. 
Plant processes will include settling, 
separate digestion, sludge elutriation, and 
land-fill disposal of sludge. 

Total cost of the project is estimated at 
$14,500,000, of which about $9,000,000 
is to be borne by Wilmington and the 
remainder by the county. 

H. P. OrLAND 


Design for Extensions to the Rodbourne 
Sewage Works, Swindon. By H. T. 
Coacon. Surveyor, 110, 585 (Sept. 15, 
1951). 

At present, the town of Swindon has 
two sewage works, both of which are 
overloaded. Their combined capacity is 
2 m.g.d., whereas the dry-weather flow 
has been found to be 2.8 m.g.d. New 
sewers are planned to bring the entire 
flow to one of the plants, which is to be 
enlarged and modernized. 

The improvements are to be accom- 
plished in stages, the first of which is to 
bring the plant capacity to 3 m.g.d. 
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The revised design for this stage of the 
work is described in detail. The main 
detritus tanks will treat 16 m.g.d. Storm 
water in excess of this flow will pass to 
storm-water tanks and thence to under- 
drained storm-water land. Beyond the 
detritors, flows above 9 m.g.d. will be 
diverted to the storm-water system. 
The flow for full treatment will pass 
through bar screens, a grit removal tank, 
and a measuring flume, to the sedimenta- 
tion tanks. The settled sewage will then 
be treated on recirculating trickling filters, 
followed by humus tanks. 

Sludge treatment will be by heated 
digestion followed by air drying. 

The second stage of the improvements 
will increase the capacity for full treat- 
ment to 5 m.g.d., and permit all flow 
below 30 m.g.d. to pass through the 
grit-removal tank before diversion to the 
storm-water system. M. C. 


Summary Report on Water Pollution: 
Pacific Northwest Drainage Basins. 
U. S. Public Health Service Publ. No. 
87 (1951). 

Sewage and waste treatment projects 
estimated to cost $123,000,000 are recom- 
mended at 398 municipal and industrial 
locations in the Pacific Northwest Drain- 
age Basins by the fifth in a series of 
summary reports on pollution control in 
the major drainage areas of the United 
States. The area covered by the report 
includes the states of Washington, Oregon, 
and Idaho, as well as parts of Nevada, 
Utah, Wyoming, and Montana. 

A total of 434 municipalities, institutions, 
and sanitary districts discharge sewage 
and industrial wastes with a population 
equivalent of 3,000,000 through public 
sewer systems, with not all of the industrial 
wastes discharged to city sewers known. 
There are also 824 known separate 
industrial waste outlets in the basins, of 
which 211 produce organic wastes with 
a population equivalent of 13,000,000, 
organic wastes of undetermined population 
equivalent are produced by 432 others, 
and 181 produce inorganic wastes or 
wastes of undetermined type. 

Incomplete data indicate a need for 
398 sewage and wastes treatment projects, 
including 331 for municipalities and 67 
for industries. Many of the municipal 


plants would also treat industrial effluents. 
Municipalities need 231 new treatment 
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plants, enlargements or additions to 43, 
and replacement of 57 plants. Industry 
needs 54 new plants, enlargements or 
additions to 7, and 6 replacements. No 
projects are needed at 128 municipal and 
58 industrial locations, but project needs 
are undetermined for 24 municipalities 
and 699 industries. 

Initial cost of the required municipal 
plant projects is estimated at $93,000,000. 
Another $30,000,000 is estimated as the 
initial cost of industrial waste treatment 
needs, exclusive of industrial wastes now 
discharged to municipal sewer systems. 

H. P. ORLAND 


Stream Pollution Resulting from the Use 
of Organic Insecticides. By L. A. 
Youna H. P. Nicuoison. Prog. 
Fish-Cult., 13, 4, 193 (1951). 

In August, 1950, fish kills occurred in 
at least 15 streams in the Tennessee 
tiver Valley of Alabama. Investigations 
indicated that the kills resulted indirectly 
from the application of insecticides for 
the control of cotton insects. These are 
the first instances known to the authors in 
which extensive pollution of streams has 
resulted from the use of insecticides in 
agriculture. 

In 1950, insecticides containing toxa- 
phene, benzene hexachloride, DDT, and 
aldrin became widely used on cotton for 
the first time in this area. Frequent 
showers during the dusting season neces- 
sitated re-application of the insecticides 
at shorter than normal intervals, with 
resultant large concentrations on the soil 
of cotton fields. Several heavy rains 
in August presumably washed into the 
streams sufficient insecticide to eradicate 
fish life from some streams, and cause 
lighter kills in others. The kills followed 
shortly after heavy rains and were 
associated with high water levels and 
increased turbidities. 

Stream pollution resulting from employ- 
ment of organic insecticides in agriculture 
may become an_ inereasingly serious 
problem. The insecticides now employed 
for the control of cotton insects, and the 
recommendations for their use, should be 
re-evaluated in an attempt to prevent 
further similar occurrences. Every effort 
should be made to prevent individual 
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farmers from applying insecticides in 
excess of the quantities recommended. 
H. P. ORLAND 


Sewage Works Design: Some Important 
Considerations. By Joun Huvr.ey. 
Surveyor, 110, 727 (Nov. 17, 1951). 
Rather than comprehensively discussing 

all phases of sewage works design, the 

author attempts only to point out certain 
considerations which he feels often receive 
insufficient attention. 

It should be considered prerequisite for 
the designer to know precisely the effluent 
quality required of his plant. All perti- 
ent local conditions, as well as legislation, 
should be considered in setting the 
standards and in devising means to meet 
them. The site, area, and levels available 
for the proposed plant may be decisive in 
selecting the type of treatment. It is 
necessary to locate the plant so as to 
avoid complaints of fly and odor nuisance. 

The question of what effluent quality a 
plant ean produce is no more important 
than that of how consistently it can 
produce that quality. Occasional dis- 
charge of a poor effluent can be most 
damaging to the receiving stream. There- 
fore, facilities should be provided for 
continuing adequate treatment while 
necessary maintenance is performed. In 
this connection it is also suggested that 
all storm flows up to three times the dry- 
weather flow should be treated. 

The designer should consider ease of 
operation, maintenance, and supervision, 
at night and in bad weather especially. 
He should consult with experienced 
operating personnel on these points if he 
is not himself experienced. 

It frequently may be -desirable to 
equip the plant for experimentation with 
different modes of operation. 

The effect of trade wastes must be 
considered in the design, and it is not 
always sufficient to evaluate their strength 
by the criteria used for sewage. Pretreat- 
ment at the source of such wastes must 
also be taken into account. 

Sludge liquor, surplus activated sludge, 
and such drainings are usually returned 
to the raw sewage. Improved results 
may be realized if they are pretreated 
before recirculation. M. C. Ranp 
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Back in 1922, Fort Worth, Texas, built 
its first major sewage treatment plant. 
It incorporated Imhoff tanks and a 
filter bed with 342 P.F.T. Fixed Noz- 
zles, with a 30” P.F.T. Dosing Siphon. 


In 1928, the first major change con- 
verted the Imhoff tanks to rectangu- 
lar clarifiers and added three more fil- 
ter beds with 342 P.F.T. Fixed Noz- 
zles per bed. The addition, at this 
time, of eight, 30” P.F.T. Twin Tank 
Siphons and 16 P.F.T. Automatic 
Feeds, provided improved control for 
uniformly dosing the three new filters 
and the existing filter. P.F.T. Fixed 
Nozzle Filter Beds cover an area of 8 
acres at this modernized plant. 


The most recent additions—1945 and 
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again in 1950 — each included P.F.T. 
Controlled Digestion with two P.F.T. 
75° Floating Cover Digesters, and 
P.F.T. Gas Safety Equipment. Two of 
the digesters are equipped with P.F.T. 
Supernatant Selectors and accessory 
Sight Gauges and Samplers. Fort 
Worth is one of the many progressive 
Texas cities safeguarding public 
health and investment with P.F.T. 
Equipment. 

Freese & Nichols, Fort Worth, have 
— the various phases of this 
work, 
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Proceedings of Member Associations 


MONTANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 8th Annual Meeting of the Mon- 
tana Sewage and Industrial Wastes 
Association was held at the Northern 
Hotel, Billings, Mont., April 10, 1952. 
Registration totaled 86. 

Papers presented were as follows: 


‘‘Critical Materials Situation,’’ by 
Gerald Arnold, Director, Water Re- 
sources Division, NPA, Washington, 
D. C. 

‘Sewage Treatment for Montana 
Municipalities,’’ by E. R. Dodge, Head, 
Dept. of Civil Engineering, Montana 
State College, Bozeman. 

‘*Utilization of Industrial Wastes,”’ 
a panel discussion by representatives 
of industry and state regulatory agen- 
cles. 


The meeting concluded with an in- 
spection tour of the waste disposal fa- 
cilities of the Carter Oil Company re- 
finery and the Billings sewage treat- 
ment plant. 

Officers elected for the ensuing year 
were 


Chairman: Sam Ward, Billings. 
Vice-Chairman: Carl H. King, Chinook. 
Secretary-Treasurer: H. W. Taylor, 
Helena. 
H. W. Taywor, 
Secretary-Treasurer 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 24th Annual Meeting of the New 
York Sewage and Industrial Wastes 
Association was held at the Statler 
Hotel, New York City, January 17-138, 
1952. Registration of members and 
guests totaled 285. 

At the first morning’s technical ses- 


sion the following papers were pre- 
sented : 


‘Efficiency of Effluent Chlorination 
in the Metropolitan Area,’’ by W. W. 
Sanderson, Chemist, State Department 
of Health, Albany. 

‘*Lethal Effects of Ultrasonic Vibra- 
tions in Sanitary Engineering Applica- 
tions,’’ by J. P. Horton, Sanitary Engi- - 
neer, National Research Laboratories, 
Oakdale, L. I.; D. E. Phinney, Research 
Assistant; and M. P. Horwood, Pro- 
fessor of Sanitary Science, Department 
of Civil and Sanitary Engineering, 
Mass. Inst. of Tech., Cambridge, Mass. 


At the luncheon meeting, E. Sher- 
man Chase, FSIWA Vice-President, 
was the guest speaker. The Associa- 
tion’s Kenneth Allen Award for 1951 
was presented to W. N. Torpey of New 
York City. The Lewis Van Carpenter 
Award for 1951 was presented to N. I. 
Kass, W. N. Torpey, A. H. Chasick, and 
R. C. French, all of New York City. 

The afternoon technical session in- 
cluded a paper on ‘‘A New Approach 
to Sewage Works Financing,’’ by M. 
M. Cohn, Editor, Wastes Engineering, 
and City Manager, Schenectady. <A 
panel discussion titled ‘‘ Industrial 
Waste Treatment is a Point of View,”’ 
was presided over by J. M. Brown, 
Sanitary Engineer, Lederle Laboratory 
Division, American Cyanamid Com- 
pany, Pearl River. Panel participants 
and the titles of their discussions were 
as follows: 


“‘The Federal Engineer Looks at 
Waste Treatment,’’ by Hayse H. Black, 
Chief, Industrial Waste Section, Sur- 
vey and Investigation Branch, U. S. 
Public Health Service, Cincinnati, 
Ohio. 

“*The State Engineer Looks at Waste 
Treatment,’’ by R. D. Bates, Chief. 


(Continued on page 328a) 
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Lithographed on stone for U. S. Pipe and Foundry Co., by John A. Noble, A.N.A. 


Lance DIAMETER cast iron pipe, 
as illustrated, are efficiently serving as water, 
gas or sewer mains in large cities throughout 
the country. If this were a water supply line 

or an intercepting sewer, either bell-and-spigot 
or mechanical joint pipe might be used; 
however, for a gas feeder main these days 

it would most likely be mechanical joint. 


Our pipe 30-inch and over, flexible joint and 
integral flange pipe are all made by the pit cast 
process. Pipe in sizes 2-inch through 24-inch 
are cast centrifugally in metal molds with 
bell-and-spigot, mechanical joint or plain ends. 
No matter whether pit cast or centrifugally 
cast, the quality of our pipe is scientifically 
controlled throughout its manufacture. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U.S.A. 


cast iron 


PIPE 
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Sewage and Industrial Waste Section, 
Bureau of Environmental Sanitation, 
State Health Department, Albany. 

‘“The Chemical Engineer Looks at 
Waste Treatment,’’ by C. H. Nichols, 
Senior Chemical Engineer, Engineer- 
ine Division, Merck & Co., Rahway, 
N. 

“The Sanitary Engineer Looks at 
Waste Treatment,’> by Thomas J. 
Powers, Superintendent of Waste Dis- 
posal, Waste Disposal Division, Dow 
Chemical Co., Midland, Mich. 


the close of the after- 
noon’s technical session the Water and 
Sewage Works Manufacturers Associa- 
tion was host to a social hour. 


Follow ing 


The technical session on the second 
morning opened with a motion picture 
developed by the Ace Pipe Cleaning 
Contractors, Ine., Kansas City, Mo., 
and presented by E. B. Headden of 
Essex Fells, N. J. The picture dealt 
with the 1951 ‘‘ Kansas City Flood and 


Sewer Cleaning Experience.’ The ses- 


SEWAGE AND INDUSTRIAL WASTES 


sion closed with an Operator’s Round 
Table led by U. T. Mann, Superintend- 
ent of the Ley Creek plant, Syracuse. 
Assisting Mr. Mann were C. R. Velzy, 
Consulting Engineer, New York City; 
L. Gallagher, Worthington Pump and 
Machinery Corp., Harrison, N. J.; and 
John C. MeDonald, Superintendent of 
Sewage Treatment, Springfield, Mass. 

Officers elected to serve during 1952 
were as follows: 


President: W. 
Falls. 

Vice-President: A. 
York City. 

Treasurer: J. C. Brigham, Albany. 

R. C. Sweeney, White 


Schreiner, Glens 


Faber, New 


Secretary: 
Plains. 
The meeting closed with an inspec- 

tion trip to New York City’s new 

Hunts Point sewage treatment plant. 


R. C. SwEENEy, 
Necretary 


SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized”’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 


dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street 


Los Angeles 54, Calif. 
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PEKRUL GATES ore engineered to 
meet the most rigid requirements | 4 


36” x 48” Back Pressure for: i 
Flanged Type a 
Flood Control 
Levees 
Irrigation 


Water Works 
Dams 

Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 


Rearing Ponds 
Recreation Pools 
Cooling Towers 
Steel Mills 


BROS. MACHINERY 
DENVER, COLORADO | 
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DIRECTORY OF ENGINEERS 


(Continued through page 335a) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
FRANCIS S. FRIEL P 
Consulting Engineers Engineers 
WATER, SEWAGE AND INDUSTRIAL Charles B. Burdick Louis R. Howson 
_ "WASTE PROBLEMS Donald I. Maxwell 
AIRFIELDS, REFIT SE_IN¢ INERATORS Water Works, Water Purification, 
INDUST RIAL BI ILDINGS Flood Relief, Sewerage, Sewage 
CITY PLANNING VALUATIONS Disposal, Drainage, Appraisals, 
REPORTS LABORATORY Power Generation 
121 i... PHILADELPHIA 7 Civic Opera Building Chicago 


MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 

Civil and Sanitary Engineers 

Civil Engineers, Pianners, and Surveyors y & 

Municipal Engineers-—Airport Design——Sewage Disposal Water Supplies Water Treatment 

Systems——Water Works Design and Operation—Surveys Sewer Systems Sewage Treatment 

and Maps—City Planning —Highway Design —Construc- 
> Industrial Waste 

tion Surreys—-Pipe Line Surveys 


Treatment 
Investigations 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. 0. Box 67 Crystal Lake, Mlinois 


W. H. & L. D. BETZ ee 
Consulting Engineers 


CLINTON L. BoGert Ivan L. BoGert 
J. M. M. Greic Ropert A. LINCOLN 
Industrial Waste DoNaALp M. DitMars ARTHUR P. ACKERMAN 
ee Industrial Water oe Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Ave., New York 22, N. Y. 


Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


BLACK & VEATCH 


Consulting Engineers 
SEWAGE WaTER -—- INDUSTRY 
Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


BOWE, ALBERTSON & ASSOCIATES CONSULTING ENGINEERS 
Engineers Will your prospective clients find you 
y prospe 

Sewerage—Sewage Treatment listed here among these wastes dis- 

Water Supply posal specialists? If you offer con- 
Municinal eee Pe sulting services for sewage and indus- 
Valuations—Reports—Designs trial waste disposal problems, send in 

110 William Street New York 7, N. Y. your card now. 


Take advantage of the services of these outstanding consultants! 
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BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Probl: Railroad: 

46 Cedar Street, New York 5, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Gomes NICHOLAS S. HILL ASSOCIATES) 
Water ~ Water Puri’ 

uations and Reports 


112 Fast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


CAMP, DRESSER and McKEE 
Consulting Engineers 
Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 
Investigations and 


CAPITOL ENGINEERING CORPORATION 
Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration—Gas Systems 

Valuations—-Rates-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Pensa. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Cc lting 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Lan ‘Land Su bdivision, City and 4 
Planning, Reports, Design, foun 


Sharon Hill, Pennsylvania 


Your firm should be 
listed here 


. . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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Kansas City 2, Mo. eV Cleveland 14, Ohio ; 
P.O. Box 7088 1404 E. 9th St. 
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esearch at 
6 Beacon St. Boston 8, Mass. 
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FREDERICK H. DECHANT 
ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Sapply Sewerage 
tailrvads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations Reports Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive 
505 Colorado Bldg. 


Chicago 6 
Washington 5 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAULKNER & ORPIN ASSOCIATES 
Engineering Consultants 
Water e Sewage e Flood Control e Drainage 
Reports e Design e Construction Supervision 
Management e Valuation e Laboratory 


80 K Street King’s Terminal 


South Boston, Mass. 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
CHARLES M. SPOFFORD W. Horne 
JOHN AYER Wittiam L. HYLAND 
Bion A. BOWMAN FRANK L, LINCOLN 
CARROLL A. FARWELL Hlowarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment ——Airports 
Investigations and Reports Design 
Supervision of Construction Valuations 
Boston New York 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction——-Water Supply and 
Purification Sewerage and Sew 
age Treatment Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Leu's 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 
Industrial Waste & Garbage Disposal 
Roads—Airports—Bridges & 

Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pittsburgh, Pa. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York READING, PA. Washington 


Philadelphia 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction, and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


CONSULTING ENGINEERS 

If you specialise in sewage and industrial 

waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


Take advantage of the services of these outstanding consultants! 
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GREELEY & HANSEN 
Engineers 
Paul Hansen (1920-1944) 
Kenneth V. Hill 
Samuel M. Clarke 


Samuel A. Greeley 
Paul E. Langdon 
Thomas M. Niles 
Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S, State Street, Chicago 4 


HAVENS AND EMERSON 


W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
W.L. Leach H. H. Moseley J. W. Avery 

Consulting Engineers 
WaTER, SEWERAGE, GARBAGE, INDUSTRIAL 
WaAsTES, VALUATIONS—LABORATORIES 


Leader Bldg. Woolworth Bldg. 
Cleveland 14, 0. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen Atrrep W. Sawyer 
Municipal and Industrial Water Su 
Purification and Distribution poly 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Op 
110 East 42nd Street New York 17, N. Y. 


CONSULTING ENGINEERS 


Will your prospective clients find you 
listed here among these wastes dis- 
posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your card now. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 
Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Lez, ASSOCIATE 
Consultants to Municipalities since 1920 
WATER SEWERAGE. PAVING POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
241 Sheridan Road 300 Lincoln Building 
Menominee, Michigan Minneapolis 1, Minnesota 


HORNER & SHIFRIN 
Consulting Engine rs 

W. W. Horner E. Bross 

H. SHIFRIN V. C. LISCHER 
Airports Hydraulic Engineering 
Sewerage and Sewage Treatment 
Water Supply Municipal Engineering 

Reports 
Shell Building, St. Louis 3, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists — Bacteriologists 
Analyses—Water, Sewage, Industrial Waste 
Research Litigations 
504 N. Second St. Harrisburg, Pa. 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige ! 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 


age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


ist2 Park Bldg. Pittsburgh 22, Pa 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


CONSULTING ENGINEERS 

If you specialize in sewage and industrial 

waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


METCALF & EDDY 

Engineers 

Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 

Laboratory Valuations 

Airfields 

Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y. 


Parsons, Briackerbef, Hall & Macdonald 
G. Gale Dixon, Associate 
Engineers 
Dams, Water Works Sewerage 
Airports, Bridges, Tunnels 
Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 
51 BROADWAY, NiW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 


Architects and Engineers 
Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 

Matcolm Pirnie Ernest W. Whitlock 

Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr 

Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Opevation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. Rrepre B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 
426 Cooper Bldg. Denver 2, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 


Industrial — Electrical 
Rate Investigations 


408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


Take advantage of the services of these outstanding consultants! 
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SEEWALD LABORATORY 


ANALYTICAL CHEMISTS 
BACTERIOLOGISTS 


ANALYSES — WATER — SEWAGE — 
INDUSTRIAL WASTES — B. O. D. 


Examination of Municipal and Private Water Supplies 
1211 WEST FOURTH STREET, WILLIAMSPORT, PA. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage—Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 

Surveys Reports 

209 S. High St. 


Appraisals 
Columbus 15, Ohio 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 
Sewage & Industrial Waste Treatment 
Stream Pollution Studies 
Chemical & Bact. Laboratory Service 


441 North 2nd St. Reading, Pa. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 

jastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street. Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, pros- 
pective clients will expect to find your card in the Directory of Engineers 
contained in the... 


Official Professional Journal of the Sewage and 
Industrial Wastes Field ! 
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NEVER CONNECT 


IN THE WRONG HOLE- 
wtth 


ROME 


SEWER-ROD 
COUPLINGS!” 


Pats. 
2,110,202 
2,471,060 


Greatest Improvement 
Since the Coupling Itself! 


This improved coupling for HIGH SPEED POWER TURNING | PIN 
MACHINES never assembles in the wrong (lock pin) hole, 

making it necessary to uncouple to use a lock pin. Saves time LOCATER 
and money. CLICK, SNAP — IT’S HOME. ‘FLEXICROME’ ROD 
—made exclusively for Flexible-—is used exclusively. They 
are intechangeable with all “OLD STYLE” Flexible Rods. 


Just move coupling in or 

out of the ratchet or power 

“OLD STYLE’ Rods and Couplings can still be furnished to cities © drive shaft—pressing pin 
that still turn their rods by hand (the slow, expensive way). down till it clicks. Then 
Expect as good results as you had 15 YEARS AGO. turn right or left for hole. 


ZF LEXIBLE” 


SEWER-ROD EQUIPMENT CO. 
9055 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, WN. ). 79 Cerdan Avenue — Roslindale 31, Mass. 

P.0. Box 465 — Memphis, Tennessee 801 E. Excelsior Bivd. — Hopkins, Mian. 

1115 Delaware Ave.— Fort Pierce, Fla. 3786 Durango St.— Los Angeles 34, Calif. 

141 W. Jackson Bivd. — Chicago, Ili. 4455 S.E. 24th Street — Portiand, Oregon 

200 Magee Bidg.— Pittsburgh, Penn Francis Hankin — Montreal & Toronto, Can. 
351 West Jefferson Bivd. — Dallas, Texas 


AMERICA’S LARGEST MANUFACTURER © 
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Bailey Meter tage 


Dere Company 


Morse Boulger Destructor Company 


Snow Irrigation Supply Company 


U. &. Pipe asd Foundry 
Walker Process Equipment, Incorporated 
Woilace and Tiernan Company,’ Incorporated ned Back 


DIRECTORY or PP. 330a-3352 


Albright & Frigl, Ine. Greeley & Hansen 
Alvord, Burdick & Hows: Havens ‘and Emerson 


fi 


Burns & McDonnell 
Camp, Deeaser and McKee : 
Cspltol Engineering Corporation 
Chester Engineers, The 
Cole, Chas. W., & Son 
Corson, Oscar 


i 
rl 


Freese, Nichols and 

Fulton, Edward A. 
Gannett, Fleming & 
Gilbert 
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PATRONIZE OUR ADVERTISERS 4 support makes possible the 
lication of this journal. “toad be sure to mention 
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CHLORINATION BY W&T 
TO BETTER 


SEWAGE PLANT PERFORMARCE 


SETTLING BASINS — 
Chlorination keeps the sewage fresh 

and ensures continuance of proper settling 
in primary basin or Imhoff Tank. 

TRICKLING MLTERS — Chlorine ahead of tricking filters 
on a programmed basis prevents septic odors and ponding 
—- thus permitting biological oxidation to proceed normaliy. 

ACTIVATED SLUDGE UNITS — Chlorination of the return 

activated sludge prevents bulking—and permits the ac- 

tivated sludge units to perform at maximum capacity. 

Join the hundreds of sewage plants that are main- 
taining top performance of their treatment pro- 
cesses with chlorination — dependable, accu- 
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